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The sketches, illustrations and draw¬ 
ings referred to in this Volume will 
be found arranged numerically in 
Section divisions in Volume II of 
Machine Switching Equipment Notes 




Section I 

Various Bell System Mechanical Systems—Extent of Use— 
Fundamental Exchange Area Conceptions of Full- 
Mechanical Panel-Type System 

1. Semi-Mechanical Panel-Type Power-Driven System. 

The semi-mechanical system was the culmination of development work carried on by Bell System 
engineers since about 1900. The object was to produce a mechanical central office equipment for com¬ 
mercial manufacture and operation that would reduce manual operations with their attendant errors to 
a minimum, and at the same time meet the complex service requirements of the larger city exchange areas. 
The problem was a tremendously difficult one due to the size of some of the exchange areas involved and 
to the necessity of making provisions for inter-operation with existing manual office equipments. If we 
consider that the New York City Metropolitan area, which in 1919 had a total of about 828,000 telephone 
stations served from 86 central offices, is conservatively expected to grow to 2,700,000 stations served 
from 225 central offices in 1950, it may be possible to gain a conception of the magnitude of the project. 

Each subscriber in this colossal system must be able to reach every other subscriber. Due to the 
large area involved, a great number of city calls involve extra charges. This means that such calls must 
be supervised, timed and ticketed. The following general classes of service are demanded by the public: 
flat rate limited, message rate, official, coin box unlimited and pay station. 

Add to this, single-party, two-party and four-party service and then picture a densely populated 
surrounding country involving several hundred cities and towns from which come and to which go thou¬ 
sands of messages each day, all of which must be recorded, supervised, and timed, it is clear that the 
problem of producing machine switching equipment flexible and versatile enough to perform sufficient 
work to replace enough operators to warrant its existence, is not one that can be solved except after years 
of development work. 

When the design of the apparatus had been brought to a point where it seemed possible definitely to 
plan its application, a detailed survey of existing conditions was made. A careful study of the service 
requirements of large cities indicated, that since a great number of the calls from one station to another 
had to be supervised, timed or ticketed, which of course meant that a considerable number of operators 
would be needed, the most practical procedure would be to retain the “A” operators, before which the 
subscribed lines terminate, to perform these functions and to introduce machinery under the operators’ 
control whereby they could set up any desired connection, either in their own office or in any other office 
in the city. This scheme had several advantages among which were: It kept the telephone at the sub¬ 
scriber’s station the same as in manual, a standard common battery instrument; it would, when generally 
installed, eliminate the “B” operators at all offices and with them the troublesome “call wire”; it made it 
possible for the “A” operators to handle a greater number of calls than they could on a manual basis; it 
permitted the “A” operators to supervise, time and ticket those calls which required such service; and it 
kept the control of the machine switching equipment in the hands of trained operators who could be su¬ 
pervised. 

A small trial installation of this semi-mechanical system previously having been made in the Western 
Electric Company West Street Laboratories, and such defects as could be detected weeded out, it was 
decided that a trial installation of this system should be made on a scale large enough to test its feasibility 
as a system under such conditions as would be encountered in a city of some size. It was also necessary 
to test further the practicability of the mechanism. It was realized that much of the data obtained on 
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the performance of the apparatus and machinery would apply equally well whether it was to be controlled 
by operators in a semi-mechanical system or by the subscribers in a full-mechanical system. Accordingly, 
a semi-mechanical system was installed in the city of Newark, New Jersey and arranged to serve three 
offices, Mulberry, Waverly and Branch Brook. The apparatus was adapted to interconnect between 
the three semi-mechanical offices, the other manual offices in the city and to outside points. 

The results obtained from these trial installations indicated that the system was entirely operative 
and that the apparatus, while needing certain minor modifications, was practical and successful. It 
also established accurately what could be expected in the way of economies on such a system when com¬ 
pared with a manual or full-mechanical system, and, on the basis of labor conditions being the same as 
when the semi-mechanical system was conceived, it was more economical than the manual system and 
compared favorably with a full-mechanical system. 

During 1917, it was planned to proceed with the introduction of mechanical equipment in exchange 
areas on the following basis: 

Semi-mechanical panel-type in large multi-office areas such as New York, Chicago, 

Boston, Philadelphia. 

Full-mechanical panel-type in smaller multi-office areas such as Detroit, Milwaukee, 
Minneapolis, St. Louis, Cleveland, etc. 

No. 1 manual equipment in single-office areas as at present. 

The situation caused by the war and other factors not foreseen changed labor conditions very mate¬ 
rially and there were indications of worse conditions in the future. The annual cost of operating a single 
position of switchboard, exclusive of any charges on apparatus or equipment, increased enormously. 
This marked increase in cost was accompanied by a very serious shortage of operators and a material 
decrease in the period that a given operator remained on the job. These conditions, together with the 
fact that a satisfactory numbering scheme had been worked out for large cities, in the early part of 
1918, led to the adoption of the full-mechanical machine switching system and the decision was made to 
apply it throughout the Bell System. 

This decision involved a readjustment of the 1917 plan of procedure for the introduction of mechani¬ 
cal equipment into the Bell System. The present plan of action (1921), substantially that which was 
authorized during 1918, is as follows: 

Full-mechanical panel-type in multi-office areas both large and small. 

Full-mechanical step-by-step Strowger type in certain single and small multi-office 
areas where the use of this equipment will be advantageous. 

No. 1 manual equipment in single-office areas where mechanical equipments are not 
being placed for the present, and for new exchanges and additions to present 
manual exchanges in multi-office areas where the full-mechanical panel-type 
schedule will not permit of placing mechanical equipment. 

1.1 Description of Semi-Mechanical Equipment 

The subscribers’ board of the No. 1 manual system is retained and with it the manual answering of 
calls through the medium of an “A” operator. The semi-mechanical “A” section is a modified three- 
position, 8—83^-inch panel section, having a panel equipment of regular and multiple answering jacks, 
each position equipment in the main consisting of: 

25—single-ended cord circuits (capacity 30). 

120—routing keys the capacity corresponding to the call-circuit keys of the manual 
system, and having the same function except in the semi-mechanical system the 
depression of a routing key by the operator automatically “routes” the call to a 
particular group of trunks to the destination desired, whereas in the manual sys- 
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tem, the depression of a call-circuit key by the operator places her in talking con¬ 
nection with the trunk operator in the particular exchange to which she desires to 
send the call. 

1—Set of tandem recording keys for use in routing calls via a tandem board through 
the medium of a tandem call-indicator. 

1—Recording key set consisting of numbered typewriter type push buttons upon 
which the operator records the call received. 

There are no jack-ended outgoing trunks in the panels as in the case of the manual “A” board, since 
these trunks appear as terminals on multiple panels or banks before the district selectors. The calling 
end of the cord circuit becomes a power-driven district selector, which is controlled and properly directed 
by the sender to select terminal-ended trunks in the district multiple. The particular group desired is 
determined by the setting given the sender when the routing key is depressed. 

Power-driven district and office frames are used for out-trunking as in the case of the full-mechanical 
system. 

Incoming calls from other semi-mechanical exchanges are received on power-driven incoming frames 
and are connected through the medium of power-driven final frames to any one of 10,000 subscribers as 
in the case of the full-mechanical system. 

Incoming calls from manual offices and from toll and long distance are received at the cordless board 
on a call-circuit basis. The cordless operator completes the call on a mechanical basis by recording it 
on her position key set, which in turn registers the call on a “B” sender. The “B” sender then controls 
the functioning of the incoming and final selectors to find the particular subscriber wanted of the 10,000. 
The equipment and operation of the cordless board, “B” sender frame and incoming and final frames is 
essentially the same as in the full-mechanical system and will be described more fully as a part of that 
system. 

Outgoing calls from semi-mechanical offices to manual offices are received at the manual office on 
call-indicators as in the case of the full-mechanical system. 

Except for the manner in which calls are received from the calling subscriber the semi-mechanical 
system is essentially the same as the full-mechanical system. The fundamental designs of selector 
frames, the method of trunking and the application of the power drive as used in the semi-mechanical 
system have determined the lines along which full-mechanical design and development has proceeded. 

As previously stated, the full-mechanical panel-type system has been adopted for use throughout 
the Bell System. Accordingly, no more exchanges of the semi-mechanical type will be built. However, 
additions are being made to the present Newark semi-mechanical exchanges on a semi-mechanical basis 
to care for the growth of business. This will continue until the ultimate of these exchanges has been 
reached. New exchanges in Newark will be of the full-mechanical type. 

1.2 Semi-Mechanical Panel-Type Power-Driven System With Call Distribution. 

On the third semi-mechanical equipment, Branch Brook office, Newark, New Jersey, it was decided 
to try out the idea of mechanically distributing originating calls to operators in such a manner that all 
operators would be kept uniformly busy. It is apparent that when answering jacks are definitely assigned 
to a semi-mechanical “A” operator by intermediate distributing frame cross-connections that it is not 
practicable to shift the incoming load on each operator to accommodate sudden and transient variations 
in the calling rate. This condition was partially met at the Newark, Mulberry and Waverly “A” 
boards by the installation of multiple answering jacks—as in the case of manual A” boards in 100 
per cent trunking areas. 

A call distributing scheme along the following general lines was accordingly designed and is now in 
service at Branch Brook Office, Newark. Each subscriber's line terminates on a multiple bank on a 
line-finder frame instead of on an answering jack before an “A” operator. On removing the receiver 
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from the switch-hook at any subscriber’s station, the corresponding line-finder bank terminal is “found” 
by a power-driven line-finder selector. These line-finders are link circuits, one end of which “finds” 
the line calling at the line-finder frame. The other terminates as a power-driven cord-finder having 
access to cord-finder banks on which are terminated the operator’s connecting circuits. The line-finders 
are “allotted” to answer incoming calls in definite rotation. Calls are evenly distributed among idle 
operators, being assigned in a definite preference order. Provision is made so that calls will be properly 
distributed to the varying number of operators required during the heavy and light load periods. The 

call distribution feature thus permits of the use of a minimum number of operators at all times and keens 
each operator uniformly busy. p 

' elimination of the answering jack and the plug-ended answering cord permitted the elimina- 

w . ia “ ch Brook of the special 8—83^-inch panel three-position section used at Mulberry and 
t\ averly exchanges, as far as the handling of regular calls was concerned. A desk type single-position 
sectmn of the cordless type was used instead. Thirty key-ended trunks terminate in the upper sloping 
ej shelf and the recording keys are in the lower sloping key-shelf. On receipt of a call as indicated by 

litT rrr W + e COnnecting circuit ’ the °P erat <» depresses the associated assignment key, 
She th™ t° heS er f ltlon , eq ? me '’; (recording key set, telephone set, etc.) to the connecting circuit. 

her record n T ^ fr ° m th< \ callmg subscriber. On receipt of the number she writes it on 

her recording key set, a sender registers the call and directs its completion to the called line. The opera¬ 
tor is then free to receive another call. 6 opera 

The elimination of the answering jack introduced operating conditions which led to the adoption 
of a most unusual operating room floor plan layout. Each operator was provided with keyshelf pilot 

X::.t Ch 1D h C h th f 3 0f the inCOmmg cal1 ’ that is > Aether it was flat rate, message rate, coin 
co ect, etc. which the operator must know in order to handle calls properly. In the event of calls to 

toll points, the operator must ticket the call in order that a proper charge may be made. It was there- 

ctme in C sinc7th° r T TT* fr0m the Calling subscriber his number at the time the call 

came in, since the operator had no answering jack number plate to read. In order to avoid wron- charges 

eing made in case the subscriber gave their numbers incorrectly, either by mistake or intention it was 

racv S ofTh!°n Pr0 h an aC T ate nUmb6r ° heCking deviCe ’ by Which the operator cou,d verif y the accu- 
racy ot the numbers given her in connection with charge calls. 

this device is in the form of a ground glass screen, upon which are painted 10,000 small scmares 

squarfis 10 ’T “ ultiple jacks are p,aced in a manua l trunk section. Behind each 

square is a amp. When the operator has occasion to verify a number, the depression of a verifying key 

in her position will bring out in illuminated squares on the number checking screen, the number or 

, p p er t S , ln CaS ? r r \ Y ne ’ ° f the Hne attached to the operator’s position equipment. The operator 

to all otlT H y ‘ he °' the illUminated S<IUares °" ,te The screen must be vSe 

It™ ‘ made of considerable sire, extending from the ceiling to a level 

Tthe Lmti tt r a " d about , twent y f “‘ ‘<>"8 on the floor line, and was placed along one side 

fashitnTit a hT 6 °!r a "' rS SeCtions m then Stuped Mon the i» semi-circular 
iasnion as in a school-room or theatre. 

of thMvDe r wh,Vh B S?K eqUi E m n nt wh ‘ Ch was cut into service in 1917 is the only equipment 

are Quite hivh b ? “ Sem “ ° f a Very high order is being given - Tbe maintenance costs 

q gh however, due to the complicated nature of the circuits and equipment. 

sity oitrttidT'f™ I 1 " 6 ° f ‘'Topment for the Bell System has eliminated the neces- 

end of Zlt^w'lcT a ‘ Ure WhiCh C ° Uld ° nly be U56d in ™th the manual 

1.3 Call Distribution on No. 1 Manual System. 

feature was^fried^ut^on th !w dl ® tnbutl °n on semi-mechanical systems, a similar installation of this 

subscribers’ lines instead 1 e9uipment at Main office, Wilmington, Delaware. The 

s, instead of terminating as answering jacks before the “A” operator, were terminated 
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on the banks of line-finder frames before power-driven line-finder selectors. These selectors correspond 
to the answering cord of the manual “A” operator’s cord circuit. They perform the same function in 
finding mechanically the terminal of the calling line as the answering end of the “A” operator’s cord 
does when the operator plugs it into the answering jack of the calling line. Thus in the Wilmington 
“A” board only the calling cord is required for use in completing the call either through the “A” board 
multiple to the Wilmington subscribers or over outgoing trunks to subscribers of other exchanges on a 
call-circuit basis. No answering jacks appear in the board which permits the lowering of the out trunk 
and subscribers’ multiple to bring them within easier reach of the operators. 

The operator’s cords terminate on the multiple banks of a so-called “cord-selector” frame. Having 
access to the cord circuit terminals are power-driven cord selectors which are linked to the line-finder 
selectors and which find an idle cord in the operator position to which the operator’s selector circuit 
assigns the call. These link circuits are assigned in regular rotation by proper power-driven controlling 
circuits so that successive incoming calls are evenly distributed among the operators. 

1.4 Full-Mechanical Step-by-Step System. 

Automatic equipment of the Strowger type is being manufactured and installed in various cities 
throughout the country where the use of such equipment is feasible. This equipment is being placed 
chiefly in single-office or small multi-office areas where a demand for such equipment exists and where 
the nature of the traffic problems are such that the use of step-by-step equipment will be advantageous. 

In this system, the selectors are magnetically driven and are of the “up and around” type, having 
access to trunks or lines terminating in semi-circular banks. The subscriber’s dial has direct control 
of the successive selector operations, that is, as successive pulls of the dial are registered, the correspond¬ 
ing selectors or connectors operate in turn from the dial pulses. This operation is somewhat different 
from the full-mechanical panel system in which the dial pulses are registered on a sender, which in turn 
controls the power-driven selectors on what is known as a “revertive control” basis. 

The dial pulses of both systems are necessarily of a decimal nature, since they represent the digits 
of numbers. The step-by-step system carries this basis through its various trunk and line selections, 
all subdivision being laid out on a basis of 10 or a multiple. In the panel system, however, the decimal 
system ends at the sender, and local control of the panel selecting mechanisms permits the use of vary¬ 
ing sizes of trunking groups to suit heavy or light traffic and the use of a more robust form of driving 
mechanism than is possible when the dial controls the mechanism as in the step-by-step system. 

The method of operation is briefly as follows: 

On removal of the receiver from the switch-hook, the associated line switch plunger connects the 
calling line through on a trunk to a first selector. The remaining line switch plungers of the line switch 
unit immediately move around and come to rest before the next idle trunk to be in readiness for the 
next call. This is called the “pre-selecting” feature. It is a very ingenious scheme since it saves time 
which would ordinarily be lost in trying to find an idle trunk. This scheme is used because it is very essen¬ 
tial that a clear path to a first selector be available as soon as the subscriber is ready to dial. Otherwise, 
the first pull of the dial would come too soon for the first selector to pick it up. The first selector operates 
in response to the “thousands” pull of the dial and steps up to find the proper “thousands” level where 
it “trunkhunts” to find an idle trunk to a second selector. This selector steps up to the proper hundred 
in direct response to the “hundreds” pull of the dial and then “trunkhunts” to find an idle trunk to a 
connector. Each connector has access to 100 subscribers’ lines and in turn steps up to the proper ten 
in response to the “tens” pull of the dial and then steps around to the proper digit, or line terminal, in 
response to the “units” pull of the dial. The above explains the operation of an exchange in a single¬ 
office area. 

1.6 Machine Switching P.B.X. of Step-by-Step Type. 

Private branch exchanges of a type employing Strowger equipment are being built in considerable 
number for railroad companies, manufacturing or business concerns and private individuals on order. 
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They are merely small step-by-step installations adapted for this class of work. They may be of 
two, three or four-digit capacity, 80 lines or up to 800, or over 1000 lines. 

They are divided into two types, the commercial, which has retardation coil transmission, and the 
so-called “railroad” type, principally used by railroads, which has repeating coil transmission. The 
same capacities in lines may be had in either type. To these two types are assigned the codes 700-A 
and 720-A respectively. The letter “A” indicates the use of Automatic Electric Company full-mechani¬ 
cal apparatus. 

The P.B.X. extensions may dial one another, the P.B.X. operator, or the central office directly. 
Each dialing extension is connected to a multiple jack in the P.B.X. switchboard for the purpose of 
receiving calls from outside sources through the P.B.X. operator. 

In case the P.B.X. is isolated and has no connection with a central office, or is intended only for 
use as an intercommunicating system, the switchboard and operator or operators may be eliminated. 
P.B.X. s of this type are coded 710-A or 730-A, depending on whether they have retardation coil or 
repeating coil transmission. 

The P.B.X.'s furnished for the railroad companies are usually rather special, in that in addition 
to the local automatic extensions it is frequently necessary to arrange for long “tie” lines or connections 
to their various shops, offices, etc. These loops, being frequently of great length, have created a require¬ 
ment for the same kind of transmission used in No. 1 central offices, hence the 720 Type P.B.X. 

Figures No. 1 and No. 2 of Section No. 1 show schematic layouts of two and three-digit step-by- 
step P.B.X. systems. 

1.6 Machine Switching P.B.X.—Western Electric Panel-Type. 

This P.B.X. is essentially a 100-point full-mechanical panel-type equipment with power-driven 
selectors replaced by magnetically operated switches of a special design. These switches propel a ver¬ 
tically mounted brush shaft carrying 10 brushes, around from one to ten notches and up from one to 
ten notches in the selecting of any one of the 100 bank terminals. The brushes mount one above the 
other on the brush shaft on centers equal to the spacing of 10 bank terminals, and radially around the 
brush shaft at intervals of 36 degrees. 

This system is best adapted for use with equipments ranging in size from 100 to 1000 stations, 
dhe first exchange of this type installed was the trial installation at the Western Electric Company. 
463 West Street, New York. It consisted of 200 automatic and 400 manual lines. During 1918, this 
P.B.X. was dismantled in order to use its switch equipment on a government P.B.X. order for the Post 
Office at Washington, D. C. The Western Electric mechanical P.B.X. equipment has since been re¬ 
placed by an 80-line step-by-step Automatic Electric Company P.B.X., in order that operating tests 
might be made on this type of equipment. The Washington Post Office panel-type P.B.X. consisting 
of 275 automatic and 25 manual lines and the New York, Hotel Commodore panel-type P.B.X., con¬ 
sisting of 200 automatic and 2200 manual lines, are the only panel equipments so far in service. (Decem¬ 
ber, 1920.) 

1.7 Semi-Mechanical Tandem Panel-Type Power-Driven System. 

In large city areas such as greater New York the number of cable pairs and the copper costs would 
be prohibitive if every manual office were to have direct trunks to every other manual office. This is 
especially true in the case of trunks between Bronx and Brooklyn offices, between Bronx and Jersey 
offices and between Brooklyn and Jersey offices. 

1 he total number of trunks required in a large city area on a basis of direct trunking between all 
offices is much greater than the total number of trunks that would be required in the same area on a 
tandem basis. This can best be illustrated by an example as follows: 

Suppose the Audubon office, New York, were to have individual groups of 10 trunks each to 15 
outlying Brooklyn offices. In this case each group of 10 trunks would have to be large enough to take 
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care of the maximum busy hour calling rate, and the 150 trunks required would represent trunk pro¬ 
vision for 15 maximum calling rates. This number of trunks would actually be required providing 
the busy hours of all of these 15 trunk groups occurred simultaneously. Since this practically never 
occurs, there is obvious loss of economy in separate groups. 

If a group of about 110 tandem trunks instead were run from Audubon to the Long Island Toll 
tandem board in Prospect office, Brooklyn, and then 150 trunks were run from this tandem board in 
groups of 10 trunks each to the 15 local Brooklyn offices, there would be an economy of 40 trunk pairs 
of a wire length equal to 80 times the distance between Audubon and the Brooklyn tandem office. The 
smaller group of 110 trunks would be sufficient to handle the outgoing traffic from Audubon to the 15 
Brooklyn offices through the tandem office, since its size is based on the composite busy hour calling 
rate to the 15 offices. 

There are at present four manual tandem boards in the New York Metropolitan and Newark areas. 
They are: Jersey Toll in the Cortlandt Street building in lower Manhattan; Westchester Toll in the 
Melrose office building in the Bronx; Long Island Toll in the Prospect office building in Brooklyn; and 
Newark Toll in the Market office building in Newark, N. J. These are used for two purposes, to handle: 

Long haul local calls of the type referred to in the above example. 

Calls to A.B. toll points, that is, to destinations outside of the five-cent charge zone, 
on which an extra toll charge is made. The tandem operator supervises the call 
and makes out the necessary charge tickets. 

One of the biggest objections to a manual tandem system is that the introduction of a tandem operator 
into the local connection requires a third passage of the call. This increases the percentage of error to 
an extent such that the Bell Service standards could hardly be maintained by using even the most effi¬ 
cient operators. The proper maintenance of service standards which, barring unusual circumstances, is 
always possible on a direct trunking basis, would in a large number of cases outweigh the savings pos¬ 
sible in copper and cable pairs on a tandem basis in a consideration of the proper equipment to be fur¬ 
nished to an exchange area. 

In New York City, however, especially in Manhattan, the tremendous growth of traffic during the 
last few years has increased the inter-office trunk requirements to such an extent that it has been impera¬ 
tive that something be done to effect plant economy in cable pairs and their associated equipment. 
These economies can only be effected through the medium of large trunk groups operating through a 
tandem office, such a tandem office to be placed at an advantageous point between the heavy trunking 
business offices of lower Manhattan and the residence and lighter trunking business offices of central 
and upper Manhattan. 

An order for such a manual tandem exchange was actually placed with the Western Electric Com¬ 
pany during the latter part of 1917. About that time development work along the lines of semi-mechani¬ 
cal trunking had reached a stage where it became apparent that a semi-mechanical tandem office rather 
than a manual tandem office was the proper solution. The semi-mechanical office eliminated the chief 
objection to a local tandem office, the increase of error due to a third passage of the call, by placing this 
step of the connection on a mechanical basis. It also fitted in with plans under way to convert the 
New York area from a manual to a mechanical basis. The order for the manual tandem office accord¬ 
ingly was withdrawn and authorization was given to proceed with the engineering of the Metropolitan 
Toll tandem office to be located at No. 24 Walker Street in lower Manhattan. This equipment was 
completely engineered and installed, and was cut-in in sections from March to July, 1920. It is now 
giving satisfactory trunking service. 

Sixty-five call-indicator equipments were placed in as many manual exchanges in Manhattan, the 
Bronx and Brooklyn to receive calls from Metropolitan Toll office. 

In Figure No. 4—Section No. 1, is shown a series of four figures, which in connection with the fol¬ 
lowing notes, will give a conception of New York tandem operation in development from the all-manual 
to the all-mechanical stage. 
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Assume that in each of the four stages the call is originating with Audubon subscriber 4186 and 
terminating with Lispenard or Canal subscriber 7854, the call in each case to be relayed through a central 
tandem office. 

In Figure No. 4, Sketch A, manual to manual operation through a manual tandem office is shown. 
In this case, the Audubon “A” operator passes the number to the tandem operator over a call-circuit 
and receives a trunk assignment. The “A” operator plugs into the trunk assigned and the tandem 
operator passes the call to the Canal “B” operator over another call-circuit receiving in turn a trunk 
assignment into which she plugs her trunk cord. The “B” operator then plugs up in the multiple, the 
number called, and, after ringing, the parties are connected for talking. 

The call is first passed from the calling subscriber to the “A” operator. There is practically no 
error involved in this step of the connection, since the “A” operator repeats the number directly after 
the calling party, and then immediately again to the tandem operator over a call-circuit. The tandem 
operator, however, answers the “A” operator by assigning a trunk number, say “26,” and then goes in 
on a call-circuit to the Canal “B” operator and passes the number on once more. In passing the call 
to the tandem operator there is a certain amount of error involved, approximately two per cent, due 
principally to the fact that the tandem operator must handle a large number of trunks, receives her 
numbers second hand from the “A ” operator and must carry trunk assignments as well as called party 
numbers. 

The Canal “B” operator receives the called number third-hand from the tandem operator, assigns a 
trunk back to this operator and then plugs up the called party in the multiple. In this step is involved a 
great chance for error, and it constitutes the chief objection to a manual tandem office being considered 
for use in our exchange area. 

In Figure No. 4, Sketch B, manual to manual operation through a semi-mechanical tandem office is 
shown, calls being received at the terminating manual office on a call-indicator basis. 

Sketch B represents the present basis for handling calls through Metropolitan Toll office, the stage 
succeeding the cut-over of Metropolitan Toll office, but preceding the cut-over of any full-mechanical 
office. This might be termed the intermediate stage. In this case, the “A” operator, as before, receives 
the call from the calling party and passes it to the Metropolitan Toll operator over a call-circuit and in 
turn receives a trunk assignment into which she plugs her calling cord. As the tandem operator assigns 
the trunk, she presses a trunk key associated with that trunk, which causes a “trunk-finder” to pick the 
trunk assigned for use. The tandem operator then writes up the called number on her numerical type¬ 
writer keys and at the same time depresses a pair of office or trunk routing keys, in this system called 
“co-ordinate” keys. The “routing” key selects an idle trunk to the Canal office and the numerical keys 
record the called number on sequence switch registers. The supervisory lamp of the incoming trunk 
selected lights up and the call waits for the Canal “B” operator to pick it up. On depressing the assign¬ 
ment key associated with the trunk, the sender circuit at Metropolitan Toll office sets up the call in the 
form of illuminated figures in a call-indicator in the “B” operator’s keyshelf. The Canal operator reads 
the number on the indicator and plugs it up in the multiple. Ringing is automatic and the parties are 
connected for talking when the called party answers. 

As in the case of the manual tandem system, the percentage of error made by the “A” operator in 
receiving the call from the calling subscriber is negligible and about two per cent error is occasioned by 
passing the call to the semi-mechanical tandem operator. Up to this point conditions are exactly the 
same as in the case of the manual system. From this point on, however, the call is handled mechanically, 
and the error which was formerly caused by the tandem operator passing the call manually is reduced 
about one half. 

Figure No. 4, Sketch C, manual to full-mechanical operation through a semi-mechanical tandem 
office and Figure No. 4, Sketch D, full-mechanical to manual operation through a semi-mechanical 
tandem office, are illustrative of such calls. 

In the case of Sketch C the calls are completed to the called station at the full-mechanical office 
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through the medium of power-driven incoming and final frames, the selector mechanisms being controlled 
by the sender of the tandem office. 

In the case of Sketch D, the calls are originated in a full-mechanical office, a call being dialed by 
the subscriber instead of being passed to an operator. The call is registered on a sender at this office and 
this entire registration—the office and numerical registration of the called number—is passed to the 
tandem office and is there re-registered. This secondary sender in the tandem office then controls and 
directs the call through the tandem frames and also sets up the call-indicator at the manual completing 
office. This sender is thus a sort of mechanical operator in that it performs for calls coming from full- 
mechanical offices what the tandem cordless operator does for calls coming from manual offices. 

Sketches C and D represent the partial full-mechanical stage when calls are routed between a number 
of full-mechanical and manual exchanges. 

Figure No. 4, Sketch E, represents full-mechanical to full-mechanical operation through a semi- 
mechanical tandem office. 

In this case the call is carried through three complete exchanges without the assistance of an operator. 
This represents the complete full-mechanical stage, when all offices have become full-mechanical. The 
tandem office then becomes practically a full-mechanical tandem office, since the bulk of the calls clearing 
through it are handled on a full-mechanical basis, the tandem operators being used only in calls to nearby 
toll points. At this stage, the percentage of error in handling a tandem call is reduced to that caused by 
purely mechanical troubles in the equipment, and the manual element of inaccuracy is entirely eliminated 
since no operators are in the connection. 


1.8 Full-Mechanical Panel-Type Power-Driven System. 

Full-mechanical panel-type equipment is now being engineered and manufactured for installation in 
both large and small multi-office areas in accordance with a schedule prepared by the Merchandise De¬ 
partment. 

1.81 Division of Responsibility for Maintenance of Full-Mechanical Panel Schedule. 

The engineering of each of these panel-type equipments is being handled by the New York Engineer¬ 
ing Department and the Hawthorne Central Office Engineering Division on a Class ‘ k A”, U B J or “C’ 
basis, these designations being arbitrary symbols used for ease in referring to engineering routines. 

The delivery of a full-mechanical panel-type equipment to a customer on the date when that customer 
must have it, involves the strict adherence to a predetermined schedule on the part of everyone responsible 
for, or contributing to, the collection of necessary information and data, the translation of such data into 
shop specifications and drawings, the manufacture of the equipment in accordance with these specifica¬ 
tions and drawings (involving the procuring of raw materials and the making of necessary tools in due 
season), shipment to the site, and installation. When it is realized that the furnishing of a panel equip¬ 
ment is a matter of years rather than months, and that a large number of equipments are handled simul¬ 
taneously, it becomes apparent that the utmost care is essential in order that various portions of each job 
progress in their proper time order. The following gives a general outline of the various organizations 
and the departments of each that are concerned in the building of a panel-type equipment. 

Telephone Companies American Telephone and Telegraph Company 

Traffic Development 

Equipment Equipment 

Maintenance Traffic 

Plant 
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Western Electric Company 

Merchandise Department—Schedules 
New York Engineering Department 
Circuit Design 

Equipment Design and Analyzation 
Apparatus Design 
Laboratory Test 

Hawthorne Manufacturing Organization 
Central Office Engineering Division 
Shop Order Department 


Manufacturing Departments 
Raw Material 
Tools 

Technical Branches 
Installation Department 
Inspection Departments 


1.82 General Operating Plan: 

The following outlines briefly the general operating plan of a panel-type equipment. 

Each subscriber station is provided with a calling device or dial which permits the calling subscriber 
to dial in succession the office code letters and numerical digits in the number of the subscriber he wishes 
^o call. 

A call for another station connected to the same office or to any other office in the city, unless it 
happens to be outside the “no extra charge” zone, is completed by means of the mechanical selectors 
directly to the line wanted without the aid of an operator. The ringing of the called station is done 
automatically and an audible ringing tone is given to the calling subscriber while the ringing is in progress. 
A busy tone is sent back to the calling subscriber in case the called line is busy. If the call is for a sta¬ 
tion that is out of order, the calling subscriber is automatically connected to a trouble operator who makes 
a report to him. In case the calling station is a coin box or a measured service station, the central office 
equipment may be arranged automatically to collect the coin or operate the message register if the call 
is completed, or to return the coin or not operate the message register, if the call is not completed. Coin 
box lines will, however, be operated manually on the initial installations. 

Figure No. 5, Section 1, shows schematically the principal central office members through which 
such a call passes. The subscriber's line terminates in the central office on a main distributing frame and 
is cabled to an intermediate distributing frame in the same manner as in manual offices. From the inter¬ 
mediate distributing frame the subscriber's line is connected to the multiple contacts representing that 
line on the line-finder banks which correspond to the answering jacks in a manual office. The line and 
cut-off relays are mounted on racks located near the line-finder frames so that no cable need be carried 
directly from the intermediate distributing frame to the relay rack. 

The progress of a call through a full-mechanical system is somewhat parallel to that of a call made 
hrough a manual system and it may make the function of the apparatus more clear if we consider the 
imilarity. 


ANALOGY BETWEEN MANUAL AND FULL-MECHANICAL 


Manual 

When a subscriber in a manual system re¬ 
moves his receiver to make a call, he causes the 
line relay at the central office to pull up and light 
a lamp associated with an answering jack. An 
operator takes up the answering plug of a cord 
pair, plugs in and answers. 


Full-Mechanical 

In a full-mechanical system the subscriber 
removes his receiver and causes his line relay to 
pull up and in place of lighting a line lamp, it 
puts battery on a row of contacts corresponding 
to his line on the line-finder banks and also 
starts a selector, called a “line-finder,” going up¬ 
ward in search of the contacts on which his line 
relay has placed battery. When the line-finder 
reaches his contacts it is caused to stop by having 
its driving power removed. 
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Thus, there is a marked similarity between the answering jack and the contacts on the line-finder 
bank; between the line-finder and the answering cord; and between the operator finding and plugging 
into an answering jack and the line-finder finding and attaching itself to the contacts on the bank. 


The operator, after # plugging in, throws a 
listening key which puts her in a position to re¬ 
ceive the subscriber’s order and she notifies him 
that she is ready by saying, “Number, please.” 


The calling subscriber gives his order verb¬ 
ally to the operator. 

Assuming that the call is for another sub¬ 
scriber in the same office and that there is no sub¬ 
scriber’s multiple before the “A” operator, the 
operator knows from the office name that has been 
given that the call is for a subscriber in her own 
office and she gives the number of the desired 
subscriber to the “B” operator in her own office 
over the call wire, gets a trunk assigned and ex¬ 
tends the calling line to the “B” operator by plug¬ 
ging the calling cord of the pair she has previously 
used in answering into the outgoing trunk leading 
to the “B” position. 


The line-finder has associated with it a 
“sender-selector” which proceeds to find and 
attach an idle “sender” during the period that it 
is finding the calling subscriber’s line, and this 
“sender” notifies the calling subscriber that it is 
ready to receive his order by giving him a distinc¬ 
tive buzz called a “dial tone.” 

The calling subscriber dials his order to the 
“sender” by pulling the letters and numerical 
digits in succession of the number desired. 

The “sender,” upon receiving the office code 
letters from the subscriber’s dial, recognizes their 
significance and causes the “district selector” 
(elevator), which is definitely tied to the line- 
finder previously used, to start up and select an 
idle path or trunk leading to an “incoming se¬ 
lector” (elevator) in the same office. 


The analogy between the “calling cord” of the manual system and the “district selector” of the full- 
mechanical system, as well as the likeness of the manual outgoing trunk multiple jacks which terminate 
in plug-ended incoming trunks at the “B” operator’s position to the outgoing trunk multiple contacts of 
the district selector banks which terminate in incoming selectors on the incoming frame, will no doubt 
be evident. 


The “B” operator locates the desired sub¬ 
scriber’s number in the multiple before her by 
first locating the hundred, then the strip, then 
the particular line. She then tests the line to 
see if it is busy. If it is not busy she inserts the 
incoming trunk into that multiple jack and the 
ringing is started automatically. If the line had 
been busy she would have plugged the trunk plug 
into a busy back jack. 


The “sender” causes the incoming selector 
to locate the group of trunks leading to the par¬ 
ticular 500 lines in which the desired number is 
located, causes a non-busy trunk to be selected 
and then causes the “final selector” (elevator) on 
the end of that trunk to locate the hundred, then 
the ten and finally the particular unit line desired. 
The “final selector” tests the line to see if it is 
busy, and if it is not, establishes the connection. 
Ringing is started automatically. If the line 
had been busy the selector would not have estab¬ 
lished the connection but would have given a 
busy signal to the calling subscriber. 


The analogy between the subscriber’s multiple on a manual “B” board and the combination of the 
incoming and final frames, while not perfect, is still rather striking. 

Considering the two systems broadly, it is evident that the line-finder, district and office selector 
apparatus corresponds closely to the manual “A” board, and that the incoming and final selector appara¬ 
tus performs the same function as the “B” board in the manual system. 
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FULL-MECHANICAL TO MANUAL 

If on the full-mechanical system, the call had been for a subscriber who was connected to another 
full-mechanical office (see Figure No. 5), the “sender” would, upon receiving from the calling subscriber's 
dial the code letters which designate the office wanted, have so controlled the “district selector” as to 
cause it to stop at the bottom of a group of trunks leading in the direction of that office. If the number 
of offices was too large to be accommodated on the district frame, as in New York City, the outgoing trunk 
paths or trunks leading from the “district selector multiple” would have terminated in an office selector 
which would have been so controlled by the “sender” as to pick out a path or trunk leading to the partic¬ 
ular office desired. At that office the path or trunk selected would terminate on an “incoming selector” 
which would, under the guidance of the “sender,” pick out the group of trunks leading to the group of 
500 lines, then cause the “final selector” on the end of that trunk to locate the hundred, then the ten and 
finally the unit line wanted. Ringing would be started automatically. 

If the call had been to a subscriber connected with a manual office the “sender” would have so guided 
the district and office selectors as to have caused them to select a path or trunk leading to the manual 
office desired where the trunk would have been terminated in a single-ended cord before an operator at 
a “call-indicator” position. A lamp would have been lighted on the plug-ended incoming trunk and the 
operator, upon pressing a key called an “assignment key” associated with that trunk, would have allowed 
the distant “sender” to cause the numerals of the line desired to be displayed before her on a call-indi¬ 
cator, whereupon[ she would take up the plug-ended trunk, test the line, and, if not busy, insert it in the 
multiple jack of the line desired. Ringing would be started automatically. 

MANUAL TO FULL-MECHANICAL 

If a call is originated by a subscriber connected to a manual switchboard for a subscriber connected 
to a full-mechanical office, it may be handled in any of three ways, depending on what equipment is 
installed. 

Figure No. 6 illustrates the scheme of using “cordless B” operators at the full-mechanical office. 
This plan contemplates that the call will come in to the manual switchboard in the regular way and be 
handled by the “A” operator exactly the same as a call to a manual office. At the incoming end the 
“cordless B” operator, after receiving the number of the desired party over the call wire, will set up that 
number on a set of keys before her. A “sender” is provided to receive and register this number and then 
so control the incoming and final selectors as to cause the desired line to be found and rung. This plan 
has the advantage that no changes are necessary at the manual offices. 

When full-mechanical offices have been installed to serve a section of a city, and all remaining districts 
of that city are still manual with a prospect of remaining on that basis for only a short time, it frequently 
happens that it is more economical to install “cordless B” operators' positions at the full-mechanical 
offices than to make either temporary or fairly permanent changes at the manual offices. 

Figure No. 7 shows the “key-indicator” plan which permits the “A” operator at any manual office 
to complete a call very speedily within any full-mechanical office without the aid of any other operator. 
The method of operation is, briefly, that after any operator has.answered a call and has received the de¬ 
sired number from the calling subscriber, she depresses a key corresponding to the office desired and a 
trunk to that office is automatically selected for her. The number of the trunk which she is to use is 
displayed before her on a lamp indicator and she plugs into the trunk jack which corresponds to the num¬ 
ber displayed, having previously depressed the digits of the desired subscriber’s number on a 10-button 
“numerical key” with which she is provided. A “sender,” which has been attached automatically, 
registers the digits of the number and then proceeds to guide the incoming and final selectors in the 
distant full-mechanical office so as to connect to and ring the desired subscriber's line. 

This plan proves in, particularly when it is proposed to retain the manual equipment for a number of 
years in offices which originate a large volume of traffic that must be completed in full-mechanical offices. 
The economy through the use of this plan is made by the elimination of the “cordless B” operators and 
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their equipment at the full-mechanical offices and the saving in operating expense due to the speed with 
which calls can be handled under this arrangement. The disadvantage is the amount of apparatus and 
work involved in equipping existing manual offices. 

Figure No. 8 is an outline of the plan of equipping all “A” positions at manual offices with dials, 
whereby calls can be completed within any full-mechanical office without the aid of an operator. The 
plan, in general, is to provide each “A” operator with an ordinary 10-point dial which she can attach 
to any cord by means of a key. She tests the outgoing trunk jacks and selects a non-busy trunk to 
the full-mechanical office to which she desires to connect by means of an oral busy test. She then plugs 
in and dials the digits of the desired number. These digits are received and registered by a “sender” 
at the full-mechanical office, which then acts to control the incoming and final selectors to connect to 
and ring the desired line. 

The advantage of this scheme is that it is low in first cost and does not involve much apparatus, 
but it has the disadvantage from a traffic standpoint that where the number of calls to be handled is 
large, it slows down the “A” operator a great deal and sometimes makes more “A” positions necessary. 

In making a decision as to which of the plans is most suitable for a given project, the conditions, 
such as the length of time the manual equipment will remain in service and the amount of traffic from 
the manual offices to the full-mechanical offices, must be carefully considered, along with the advantages 
and disadvantages of all schemes. 

1.83 Changes Required in Area Manual Offices on Panel Equipment Introduction. 

From the previous description of the panel system, it is apparent that the placing of such a mechan¬ 
ical system in an exchange area involves changes in all the existing manual exchanges in that area in 
order to permit the handling of calls to and from these exchanges. Such changes must be made during 
the period in which the full-mechanical exchange is being installed and they must be ready for opera¬ 
tion simultaneously with the cut-over of the mechanical exchange. The engineering, manufacturing 
and installing effort required to place this additional equipment in medium sized city areas such as 
Omaha, Kansas City, Minneapolis or Seattle is great, but the volume of effort required to build and 
place similar equipment in large city areas, such as New York, Chicago, Philadelphia, or Boston, is 
prodigious. It may be safely said that even in medium city areas, the total work required to furnish 
a series of manual modifications is equal to the total effort required to furnish a mechanical exchange 
equipment. In large city areas, the manual effort is in excess of the mechanical effort. 

As full-mechanical equipments are successively cut into service in an exchange area, it becomes 
necessary to increase the receiving or call-indicator trunk facilities as well as the out-trunking facilities 
at each of the existing manual offices in that area. This problem has been simplified somewhat by 
installing sufficient call-indicator apparatus to take care of full-mechanical interconnection require¬ 
ments for definite periods of time ahead, rather than to add call-indicator equipment in every manual 
office each time a full-mechanical installation is placed in service. This plan, however, introduces 
certain difficulties which can best be explained by a concrete example. 

Assume that in 1921, six trunk positions in a manual office are converted to a call-indicator basis, 
this number of positions being required in 1924 to receive calls at that office from six full-mechanical 
offices, the first office being cut-in in 1921 and the remaining five at regular successive intervals, the last 
being cut-in in 1924. Assuming that one call-indicator position is required in 1921 to operate with the 
first mechanical office, it is apparent that the remaining five call-indicator positions would lie idle until 
each was successively cut in service as required by the successive mechanical cut-overs. Although 
placing six positions initially is the thing to do from an installation economy standpoint, yet the annual 
cost of keeping such a number of positions idle would be prohibitive. Additionally, very few manual 
offices in any exchange area could be robbed of that many positions without being short of positions 
during the busy periods of the year. 
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This difficulty has been met by the use of universal trunk circuits, that can be made to operate 
either as call-indicator or as call-circuit trunks by making minor circuit and apparatus changes. Using 
universal trunks in the example given, the six positions could be installed at onetime as call indi¬ 
cator trunks. After being given an operating test, they could then be converted into call-circuit 
trunk positions for operation on a manual basis until the time arrived to cut in the first mechanical 
exchange. At that time one of these universal positions could then be converted to a call-indicator 
position for operation with the first full-mechanical office, and as successive mechanical offices are cut 
in, additional universal positions could be converted as required. 

It is also necessary to increase the out-trunking facilities at each manual office in a similar manner. 
The addition of each successive mechanical exchange reacts upon each mechanical exchange already 
in service in the requirement of increased in and out-trunking facilities in those exchanges. It may 
be readily understood from these considerations that the traffic problem is an extremely involved one 
for Telephone Company engineers to solve. The problem of having ready for use at the proper times 
the various portions of the exchange area equipment is a tremendously involved scheduling problem 
that reacts in its difficulties upon the engineering, manufacturing and installing forces of the Western 
Electric Company. 

In each exchange area when a mechanical office is installed, it is necessary to arrange to handle 
mechanical calls at each of the following destinations in addition to the provisions made at local manual 
offices. 

Centralized or Local Information Desks. 

Remodeling of information trunks to receive mechanical as well as manual calls. 

Tandem Boards. 

At manual tandem boards, it requires the furnishing of tandem relay call-indicator 
positions which can receive from the mechanical office on each call passed, 
the exchange name as well as the number desired. 

At mechanical tandem boards, it requires the placing of suitable registering 
equipment which will receive and register from the originating full-mechanical 
office-senders the office name and number of each subscriber’s station called, 
and which will route the call through the mechanical tandem office to the 
proper local mechanical or manual office. 

Recording Boards of Toll Offices. 

It requires the placing of trunks in the recording boards to receive calls for long 
distance connections from mechanical offices. In areas where key-indicator 
equipment is specified, the toll line positions are usually equipped with key- 
indicator equipment to permit passing of toll calls mechanically into the 
mechanical office. 

Existing P.B.X.'s. 

All P.B.X.’s now in service will have to be so modified as to operate with the full- 
mechanical system as soon as it is installed, and this modification will involve 
more than merely providing the operator with facilities for dialing. The 
trunk circuits must be modified so that stations served from the P.B.X. can 
call for a trunk and do their own dialing through the trunk. These circuits 
must be so rearranged that when a call is made through the full-mechanical 
system from a station connected with a P.B.X., that the full-mechanical 
apparatus at the central office will be released when the P.B.X. station 
hangs up. Otherwise the full-mechanical subscriber who has been called 
will be “tied up” until the P.B.X. operator takes down the connection. 




VARIOUS MECHANICAL SYSTEMS 


IS 


There are thousands of P.B.X.'s of various types in all of the large cities which 
must be changed for universal operation with mechanical as well as manual 
exchanges. Circuit modifications are being designed by the Western Elec¬ 
tric Company and the American Telephone and Telegraph Company. The 
various Telephone Companies will change their own P.B.X.'s. 

Existing types of P.B.X.'s which are to be produced from now on must be re¬ 
designed so that they will be operative with the manual system as well as 
provided with wiring and space for accommodating the circuits and appa¬ 
ratus necessary for satisfactory operation with full-mechanical central 
offices. 

Subscribers' Sub-Stations: 

It will be necessary for the Plant Departments of the various Telephone Companies 
to replace the sub-station equipment (desk stands, wall sets, etc.) by dial 
phones for such subscribers' stations as are cut into mechanical exchanges. 

1.84 Extent of Call and Key-Indicator Program. 

As a matter of general information, the following table outlines the volume of call and key-indicator 
equipment required in the manual offices in various representative city areas for operation with full- 
mechanical central offices. 

Each call-indicator installation involves the complete remodeling (replacing keyshelf, rear equip¬ 
ment and local cable) of from one to three manual trunk positions, each position to be wired and 
equipped universally for initial manual operation on a call-circuit basis until such a time as the mechan¬ 
ical exchange is ready, then to be converted for mechanical operation on a call-indicator basis. 

Each key-indicator installation involves the placing of miscellaneous apparatus and wiring in every 
subscriber's position in the manual exchange (the number of positions may run as high as 60 or more) 
and the placing of key-indicator frames of a relay bay type, mounting stepper switches, relays, etc. of 
a corresponding capacity in the manual apparatus rooms. It should be understood, that where key- 
indicator equipment is not in use, outgoing calls from the manual exchanges are handled on a cordless 
basis, in which case no changes are required in the subscriber's board. 

CITY 

New York, N. Y. (Metropolitan Area) 

Call-indicator additions in each of 66 manual offices and tandem call-indicator additions in four 
manual tandem offices. The additions were placed in service during the spring and summer 
of 1920 to operate with and receive calls from the new Metropolitan Toll tandem office. 

A second series of call-indicator additions in the same number of manual local and tandem offices 
to receive calls from the initial group of full-mechanical offices. 

A third series of call-indicator additions in the same number of manual local and tandem offices 
to receive calls from the second group of full-mechanical offices on the schedule. 

Boston, Mass. 

*Call-indicator additions in 31 No. 1 manual offices. 

*Tandem call-indicator addition in one tandem office. 

*Required for service with six full-mechanical offices, Liberty, Back Bay, Columbia, Milton, Aspinwall 
and Cambridge. 

Philadelphia, Pa. 

*Call-indicator additions in 22 No. 1 manual offices. 

*Call and key-indicator additions in two No. 1 manual offices. 

*Ringdown trunk equipments in seven No. 9 equipments. 

^Required for operation with five full-mechanical offices, Germantown, Sherwood, Jefferson, Rittenhouse 
and Clearfield. 
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Chicago, Ill. 

*Call and key-indicator additions in 20 No. 1 manual offices. 

*Call-indicator additions in 14 No. 1 manual offices. 

*Tandem call-indicator addition in one tandem office. 

Note.—The 34 No. 1 manual offices each contain from one to four 10,000-line No. 1 manual units. The 
Chicago area comprises 68 No. 1 central office units each of a 10,000-line capacity. 

Required for operation with four full-mechanical offices, Central, State, Oakland and Wentworth. 

Buffalo, N. Y. 

*Call-indicator additions in seven No. 1 manual offices. 

♦Required for operation with one full-mechanical office, Riverside. 

Seattle, Washington 

*Call and key-indicator additions in six No. 1 manual offices. 

*Call-indicator additions in three No. 1 manual offices. 

♦Required for operation with five full-mechanical offices, West, Rainier, North, Garfield and Main-Eiliot 

Baltimore, Md. 

*Call and key-indicator additions in seven No. 1 manual offices. 

*Call-indicator additions in three No. 1 manual offices. 

*Tandem call-indicator addition in one tandem office. 

*Ringdown trunk and key-indicator addition in one official P. B. X. 

♦Required for operation with one full-mechanical office, Liberty. 

Minneapolis, Minn. 

^Call-indicator additions in eight No. 1 manual offices. 

♦Required for operation with two full-mechanical offices, Atlantic and Hiland. 

Atlanta, Ga. 

*Call and key-indicator additions in five No. 1 manual offices. 

*Key-indicator equipment in toll office. 

*Dialing equipment in two No. 9C offices. 

♦Required for operation with one full-mechanical office, Walnut. 

Kansas City, Mo. 

*Call-indicator additions in six No. 1 manual Bell offices. 

*Ringdown trunk equipment in four No. 9 manual offices. 

*Call-indicator additions in six Kellogg or Stromberg-Carlson offices. 

♦Required for operation with two full-mechanical offices, Victor and Main No. 2. 

Omaha, Neb. 

*Call-indicator additions in six No. 1 manual offices. 

♦Required for operation with two full-mechanical office units, Douglas and Tyler. 

Toledo, Ohio 

*Call and key-indicator additions in three No. 1 manual offices. 

*Call-indicator additions in two No. 1 manual offices. 

♦Required for operation with one full-mechanical office, Broadway. 

Dayton, Ohio 

*Call and key-indicator additions in two No. 1 manual offices. 

*Key-indicator equipment in toll office. 

♦Required for operation with one full-mechanical office, Fairview. 
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Cleveland, Ohio 

*Call and key-indicator additions in 11 No. 1 manual offices. 

*Call-indicator additions in three No. 1 manual offices. 

*Required for operation with four full-mechanical offices, Glenville, Clifton, Shaker and Harvard. 

1.85 Interconnection With Other Than Bell Equipments. 

The problem of arranging for the placing of panel equipment in certain exchange areas is further 
complicated by the necessity of having to make provision for consolidated service with existing offices of 
other than Western Electric manufacture. These offices are of the Strowger step-by-step full-mechanical 
type and Kellogg and Stromberg-Carlson manual types. 

At Minneapolis and St. Paul consolidated service is now being given between a number of Bell manual 
and Strowger step-by-step full-mechanical offices. Suitable call-indicator equipments w^ere placed in 
each Bell office trunk board to receive calls from the Strowger offices, and the “A” board positions were 
equipped with dials, which permit of attachment to the calling cord of the “A” cord circuits at the will 
of the operator, by means of which the “A” operator can dial manual calls into the automatic offices. In 
the engineering of the Minneapolis, Atlantic full-mechanical equipment, it was of course, necessary that 
provision be made for inter-connection with the Strowger step-by-step automatic, as well as the Bell 
manual offices. 

In the step-by-step system, the central office selecting switches operate under the direct control 
of the pulses originated at the subscriber’s dial, while in the panel-type system, the dial pulses are recorded 
on a sender which controls and directs the central office selecting mechanisms. The two systems are thus 
fundamentally different in regard to the manner in which the pulses furnished by the subscriber's dial are 
permitted to control the central office selecting mechanisms. The step-by-step control is direct, 
whereas the panel system control is indirect, in that pulses operate through the medium of a sender. In 
the case of step-by-step to panel office calls, it is therefore necessary that special incoming sender- 
frames be furnished in the panel office which will register the pulses sent in from the step-by-step office, 
and which will then control and direct the incoming and final selections in the panel office. In the case 
of panel to step-by-step office calls, it will be necessary to design the senders of the panel office so that 
they will directly control the selection of the desired lines at the step-by-step office. 

Due to the fundamental differences of the panel and step-by-step offices, it has been necessary to 
provide two different types of call-indicator equipment in each of the manual offices in order to receive 
calls. It has been necessary to provide trunk key shelves arranged for two call-indicators so that adja¬ 
cent “ B” operators can handle incoming calls from the two different types of mechanical offices on a 
teamwork basis. 

At Kansas City, unified service is now being given between a number of Bell manual offices and a 
number of Kellogg and Stromberg-Carlson manual offices operated by the Kansas City Home Telephone 
Company. The placing of the Victor full-mechanical office in this area involved special inter-connection 
problems along the lines of developing call-indicator equipment for use in the Home Company offices 
which would operate on a 40-volt basis, this being the voltage basis upon which the central office circuits 
of the Kellogg and Stromberg-Carlson equipments are designed. The call-indicator circuits designed 
for and in use in the Bell offices are operated on a 24-volt basis. Special development work of an equip¬ 
ment nature was also required in order to place apparatus of Western Electric design in switchboards of 
Stromberg-Carlson and Kellogg manufacture. 

Minneapolis and Kansas City present examples of exchange area conditions which occur from time 
to time as work on the panel schedule progresses and which present difficulties that must be met and sur¬ 
mounted by special development design in circuits and equipment. 

1.86 Status of Line Switch Equipment. 

On the first 84,000 lines of the panel schedule, use is being made of a rotary or step-by-step line 
switch, one switch being associated with each subscriber’s line. These line switches are mounted in rows 
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of 20, and nine such rows are placed above one another on a suitable iron frame-work called a line switch 
frame. Each line switch bank has provision for allowing its rotary selector access to 20 trunks which 
terminate as power-driven selectors at the district frames. Each group of 20 trunks is multiplied through 
as many rows of line switches as are required to properly load the group of 20 trunks to its capacity, the 
number of switches being determined by the busy hour calling rate and holding times of the lines which 
they serve. The sizes of the line switch groups that are served by 20 trunks, range from 60 switches, in 
business districts where the calling rates are very high, to 480 switches in residence areas. 

Assume a theoretical office of 9,000 lines where the busy hour calling rates and holding times for all 
classes of lines are such that uniform groups of 100-line switches may be assigned to each 20 trunks to 
district. There would then be required in this office, 9,000 line switches, split up into 90 groups of 100 
line switches each, having access to 90 individual groups of 20 trunks each to the district frames. There 
would be required 50 line switch frames mounting 180 line switches each. Of district frames having a 
capacity of 60 selectors each, there would be then required 90X20 +60 or 30. 

Line switch operation is briefly as follows: On the removal of the receiver from the switchhook bv 
the calling subscriber, the line switch selector associated with that line immediately operates to find an 
idle trunk to district among the 20 to which it has access, and when it has found such a trunk, the trunk 
is immediately made busy so that all other line switches having access to the same group of 20 trunks will 
pass it by in their search for an idle trunk. Each district selector has associated with it as a side path, a 
stepper type switch called a district sender-selector, ” (in the case of the theoretical office mentioned there 
would be lequired 1800), which functions to find an idle sender, which is at once made busy to guard it 
against possible seizure by another sender-selector looking for an idle sender. The sender then sends back 
a dial tone to the calling subscriber telling him that he may proceed to dial. The sender registers the 
impulses created by the operation of the subscriber’s dial and then in turn directs the district selector, to 
which it is attached, to the proper group of trunks in the district multiple and controls the further selec¬ 
tions on the incoming and final frames to find the one of the 10,000 lines (ultimate) that was dialed. 

The above outlined arrangement requires a relatively large amount of equipment for each subscriber’s 
line. A great deal of study has been given to obtaining a more economical method of associating a calling 
subscriber’s line with a trunk to a district selector, resulting in the development of the panel line-finder. 

The adoption of line-finder equipment involved the manufacture of new apparatus which had not 
been required heretofore. This in turn required the building of new machine tools and dies. As a result, 
it was not possible to start the use of line-finder equipment on early jobs on the schedule since manufac¬ 
turing conditions were such that the new apparatus could not have been delivered in time to have met the 
schedule already set up. 

1.87. Distinction between Two and Three-Digit Panel Offices. 

Full-mechanical panel-type equipments fall into two general classes, this classification being based 
upon the ultimate size of the exchange area in which the equipment will operate. Thus a “three-digit” 
office is one which will be required to function in the ultimate with 100 or more destinations and a “two- 
digit” office, one which will be required to function in the ultimate with any number of destinations less 
than 100. The distinguishing designations “three-digit” and “two-digit” refer to the number of dial pulls 
required in order to route the call to the proper destination, it being apparent that two pulls are required 
to set the register equipment so that it can pick out any one of 99 destinations (in other words, the maxi¬ 
mum number of destinations that can be represented by two digits), and that three pulls are required to 
set the register equipment so that it can pick out any one of 100 or more destinations. 

The dial number plate used at subscribers’ stations for both two and three-digit offices has its 10 
finger-hole spaces lettered counter-clockwise as follows—Q and Z are omitted as very few office names 
use these letters (see Figure No. 3, Section III): 

ABC DEF GHI JKL MNO PRS TUV WXY OPERATOR 
2345 6 7 8 9 0 


1 
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When directories are re-issued in a three-digit exchange area to take care of the introduction of panel 
equipment in that area, the first three letters of the exchange names will be printed in larger and heavier 
type to indicate to the subscribers that these are the characters to be pulled on the dial. In two-digit 
areas only the first two letters of the exchange names will be printed in this manner. For example, if a 
Pennsylvania Exchange subscriber in New York desired to call LISpenard 4186, he would insert his finger 
in the finger hole in which the letter “L” occurs, pull the dial up to the finger stop, release it, allowing 
the dial to swing back to normal; then he would successively dial “I” and “S” and 4,1, 8, and 6. Similarly 
if a Seattle, North subscriber desired to call RAinier 5793, he would dial six times as follows: R, A,5,7, 
9 and 3. 

The choice of office names in an area comprising panel equipment must be such that there are no 
duplications of the first three letters of the names and that no names are used that could possibly be spelled 
in more than one way. Hiland, Hyland, Highland, suggests itself as an example of this. The name 
however, must be such that it can be easily and clearly distinguished when used with calls handled 
among the existing manual offices. 

The actual number of designations that can be dialed with a purely letter code is 64 in two-digit 
areas and 512 in three-digit areas, these figures representing the maximum number of combinations 
possible with 16 and 24 letters respectively as they are arranged in the eight finger-holes of the dial. 

The amount of framework and equipment required for a two-digit office is as a general rule much 
less than that needed for a three-digit office. 

As a general rule, a smaller number of district and office frames are required in two-digit offices, 
and in most cases the office frames are eliminated altogether. Calls are received from a smaller number 
of destinations and this may or may not reduce the number of incoming frames needed. Sixty trunks to 
each final choice of 500 lines are usually sufficient. This eliminates the necessity of providing multiplied 
final frames. The calling rates may or may not be lower, but when they are, the number of line-finder 
frames is reduced. 

In the panel system impulses are received from the dial on a decimal basis, both in regard to the 
dialing of letters as well as of numbers. The panel selectors, which these dial pulses indirectly control 
through the medium of the sender, do not, however, operate on a decimal basis. It is therefore neces¬ 
sary to “translate” the pulses received into proper sender registrations before they can properly direct 
panel selections. The translator equipment required for registering the two sets of pulses received 
when two-digit letter codes are dialed is relatively simple and can be mounted on sender frames in 
direct association with the sender circuits. In three-digit offices this mechanism takes the form of a 
power-driven panel selector (one per sender) mounted on a “translator” frame (60 selectors per frame). 
Associated with these frames are sets of power-driven interrupters, called “pulse machines,” that are 
used in conjunction with the translator frame banks and translator selectors to set up the called office 
registration in the sender circuits. The elaborate translator equipment required for three-digit offices 
is necessary, since the problem of providing for the routing of calls to several hundred destinations is 
much more involved than a similar provision for reaching only 64 offices, and accordingly requires a 
correspondingly greater amount of equipment. 

Conditions usually are such in three-digit exchange areas that a large proportion of the special 
“A” board positions are specified to operate on a semi-mechanical basis. In addition to the semi¬ 
mechanical recording equipment required in such “A” board positions, it is necessary to provide asso¬ 
ciated frames in the terminal rooms, such as “A” operator's district frames, “A” sender and sender- 
selector frames and local sender frames. In two-digit areas this sort of equipment is usually dispensed 
with, the “A” position traffic being handled on a manual basis or on a basis of using dialing cords. 

1.88 Specification System—Divisions to Facilitate Engineering and Manufacture. 

Telephone Companies’ specifications and drawings, covering full-mechanical panel-type equip¬ 
ments, when received by the Western Electric Company do not present information in such form that 
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they can be used to guide manufacture and installation. They are merely intended to convey to us 
the traffic requirements of the office on order. They specify the number of each kind of exchange parts 
that shall be furnished, state the conditions under which the equipment is to operate and outline the 
service requirements that it must meet. It is then up to the Western Electric Company to manufac¬ 
ture this equipment in conformity with the Telephone Company’s specification and in conformity with 
the standardized practices of the American Telephone and Telegraph Company, and to deliver the 
equipment to the Telephone Company in guaranteed working order. 

The function of the equipment engineer is to collect from the available sources of information such 
information as is required by the manufacturing and installing departments in order to execute the 
order, and to incorporate such data in specifications and drawings in accordance with established engi¬ 
neering, manufacturing and installing practices. It is the function of the manufacturing and installing 
department to make and install the equipment in accordance with these specifications and drawings. 

A single shop specification could be written to cover the entire machine switching equipment. This 
would, however, be an impractical procedure since complete information on the entire equipment would 
have to be issued at one time which, stated in other words, would mean that no information could be 
issued until complete information was available. When it is considered that it takes a minim um of 32 
weeks to engineer and manufacture a panel equipment, it is apparent that if information on various 
parts of the equipment could be issued in a time sequence, the manufacturing could be carried along 
parallel with the engineering and much valuable time would be saved. 

A panel equipment can, from an equipment engineering and manufacturing standpoint, be divided 
into a number of smaller parts on each of which a detailed specification can be written, the specifications 
then being issued in a scheduled time sequence. For engineering and manufacturing convenience all 
panel equipments are being handled in this way. The division of the equipments into smaller parts 
is made in a uniform manner in accordance with the outline given in the table following. Specifica¬ 
tions covering each of these parts are uniformly numbered so that the same part of each panel equip¬ 
ment will bear the same specification number. Thus line-finder frames are always covered by Speci¬ 
fication No. 74 and final frames by Specification No. 78. This practice of assigning uniform specifi¬ 
cation numbers is of great convenience to all departments concerned in the handling of panel equip¬ 
ments, since after the table of numbers has once been learned, reference can be made to any part of 
any equipment by merely picking out the specification bearing the number assigned to that portion 
of the equipment. 

The equipment specification numbering system is built up on the scheme of using this series of 
common specification numbers in association with the merchandise order number used as a base number- 
A description of the following typical specification numbers will bring out the features of this specifi¬ 
cation numbering scheme. 


E-130678-74 

E-130678-76 

E-130678-12 

E-130678-13 

E-130678-83 


E-194217-74 

E-194217-76 

E-194217-12 

E-194217-13 

E-194217-83 


The two-digit suffix numbers shown (74, 76, 12, etc.) are common to all equipments and always 
represent the same part of these equipments. 

The numbers 130,678 and 194,217 are the merchandise orders. A number of this character is 
assigned to each complete panel equipment by the Hawthorne Merchandise Department or by the 
various Branch Houses on receipt of the order for the equipment from the Telephone Company. This 
order number is associated with its equipment through all stages of engineering, manufacture and instal¬ 
lation. All time spent and expense incurred on the equipment is charged to the order number and is 
billed to the customer under this number. When used as the base of the specification number, this 
order number affords a ready means of distinguishing between different equipments. The letter pre¬ 
fix is used as a means of distinguishing between various series of order numbers. 
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Years ago, when manual equipments were edited at New York, a letter prefix “N. Y .” was used 
in specification numbers. When this work was transferred to Hawthorne, a letter prefix “C” was adopted 
to distinguish between specification written at Hawthorne and New York. All the “N. Y.” and most 
of the “C” series of specifications were numbered serially, blocks of specification numbers being assigned 
to each equipment on receipt of the order. As an example, specifications covering a manual equipment 
were numbered from C-42983 to C-42997 and the specifications covering the next equipment would be 
numbered from C-42998 to 43012. Order numbers were assigned to each equipment for billing and shop 
order purposes and such orders were listed as part of the title of each specification, but they did not 
constitute a part of the specification number. The obvious disadvantages of this specification number¬ 
ing system led to the adoption of the scheme of numbering using the order number as the base number 
and retaining the “C” letter prefix. Order numbers were then being assigned in numbers over 800,000. 
The exhaustion of the series of 999,999 left two alternatives, either the use of a 7-digit series, or a repeti¬ 
tion of the six-digit order numbers beginning at say 100,000 using a different letter prefix. The latter 
plan was followed, the letter “E” being adopted. Thus, the district frame specification of the Omaha, 
Douglas-Tyler equipment is C-871744-75, while the corresponding specifications of the New York, 
Pennsylvania, and Philadelphia, Germantown are respectively E-130617-75 and E-240937-75, the Omaha 
order number being in the old “C” series. 

The following table gives a complete list of the component parts of a full-mechanical panel-type 
equipment together with the associated specification number that has been assigned to each of these 
parts for all equipments. A detailed description of each of the various types of frames, switchboards 
and desks will be given in succeeding sections of these notes. The abbreviations given in parenthesis 
are used in specification writing and on equipment drawings, and are those actually lettered on mechan¬ 
ical frames for maintenance purposes. 


Specification No. 

Frame, Switchboard or Desk 

74 

Line finder or Line Switch frames 


(L.F.) (L.S.) 

75 

District Frames 


(D) 

81 

District sender-selector frames 


(D.S.S.) 

+76 

Office frames 


(O.) 

77 

Incoming frames 


(I.) 

78 

Final frames 


(F.) 

79 

Subscriber sender frames 


(S) 

+87 

Translator frames 


(T) 

80 

“B” Sender and sender frames (B.S.&S.S.) 

10 

Framework special "A” board. 

11 

Assembly and equipment special “A” board. 

12 

Framework cordless board 

13 

Assembly and equipment cordless board 

+35 

“A” operator’s district frames 


(D) 

+29 

“A” operators sender frames 


(AS) 

+28 

Local sender frames 


(S) 
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Specification No. 

84 

85 
68 


70 

71 

72 

73 
62 

63 

64 
55 
26 
27 
89 

83 

31 

32 

33 
+34 

47 

49 
46 

48 

50 
54 
39 
92 


Frame, Switchboard or Desk 

Frame work trouble desk 

Assembly and equipment trouble desk 

Framework (Main distributing frame (M.D.F.) 

(Intermediate distributing frame (I.D.F.) 
^(District distributing frames (D.D.F.) 

+ (Office distributing frames (O.D.F.) 
+ (Translator distributing frames (T.D.F.) 
(Relay racks (R.R.) 

(Coil racks (C.R.) 

(Fuse boards (F.B.) 

Assembly and equipment M.D.F., I.D.F., D.D.F., O.D.F., 

T.D.F., R.R., C.R. and F.B. 

Cabling 

Cable racks and rolling ladders 

Floor angles and superstructure details 

Power machines and drive motors 

Power boards, power apparatus and distributing panels 

Conduit 

Lighting equipment 
Traffic register rack. 

Misc. power-driven apparatus frame 
Make busy frames 
(M.B.) 

Alarm equipment 

Stuck sender and district indicating frames 

Routine selector test frames 

Routine sender test frames 

Suburban and local sender test frames 

Miscellaneous test boxes 

Chief operator’s desk 

Chief switchman’s desk 

Repair clerk’s desk 

Wire chief’s desk 

Central Information Desk 

Miscellaneous exchange eqpt. and spare parts 

Installing 


+Not required in two-digit offices. 

The above total of 43 specifications in practically all cases will be required for each three-digit panel 
office. In the case of two-digit offices some of the parts are dispensed with, as previously stated. Such 
parts are marked with a sign in the above table. Office frames and district distributing frames may 
or may not be eliminated, depending upon the requirements of the equipment. Translator distributing 
frames and office distributing frames are eliminated in all cases. “A” operator’s district frames, “A” 
operator’s sender frames, local sender frames and suburban and local-sender test frames are furnished 
only in rare cases when “A” board semi-mechanical operation is specified. In three-digit offices, the 
office distributing frame has been furnished only in a very small number of cases. 




Section II 

Trunking Scheme—Multi-Office Areas—Typical Exchange 
Schematic Layouts for Two and Three-Digit Offices 

1. Manual and Mechanical Out-Trunking and In-Trunking Equipment Compared. 

In any No. 1 manual office employing 100 per cent trunking, the following equipment elements 
enter into the originating of a call and its routing to the proper destination, either local or inter-office: 

Answering jacks and lamps in the panels of an 8—83^-inch panel, three-position 
section, on which the calls originated by the exchange subscribers appear. There 
is one answering jack for each subscribers station. 

Seventeen pairs of double-ended cord circuits in the keyshelf of each “A” position, 
the answering or rear cord being used by the “A” operator in picking up the call 
at the answering jack, the front or calling cord being plugged into the out-trunk 
jack. 

A capacity of either 60 or 120 call circuits in the left of each “A” position keyshelf, 
by means of which the “A” operator requests a trunk assignment from the “B” 
operator. 

Jack-ended outgoing trunks multipled before the “A” operators and cabled to the 
“B” boards of the exchange area where they appear in the trunk keyshelves as 
plug-ended trunks. 

In any panel-type office the following corresponding equipment elements enter into the originating 
of a call and its routing to the proper destination, either local or inter-office. (See Fig. No. 1.) 

Line-finder frames having a capacity of 300 lines, the lines appearing as terminals on 
multiple banks (15 banks of 20 terminals each) instead of as answering jacks. 

There is one multiple bank terminal for each line. 

Power-driven line-finders, in frame capacities such that: 

60 finders have access to or serve 300 lines. (Type used in Fig. No. 1.) 

40 finders have access to or serve 300 lines. 

28 finders have access to or serve 300 lines. 

The line-finders correspond to the answering cords of an “A” operator's cord circuits 
and are assigned to answer or “find" calling lines in the proportions given as 
demanded by the traffic requirements of the 300 lines served. 

District frames having a capacity of 450 out-going trunks appearing as terminals on 
multiple banks, five banks of 100 terminals each (50 terminals are used as over¬ 
flows). These terminals correspond to the out-going trunk jacks of a manual 
“A” board. 

Power-driven district selectors on a basis of 60 selectors per frame. These selectors 
form the other end of a link circuit with the line-finder selectors and correspond 
to the calling end of an “A” cord circuit. The sender, which takes the place of 
the operator, directs the district selector to the proper group of out-trunk ter¬ 
minals and the selector “trunk hunts" to find an idle outgoing trunk. 

In any No. 1 manual office, the following equipment elements enter into the completion of a call 
to any one of 10,000 subscribers. 

Plug-ended incoming trunks in the trunk position keyshelf, 40 or 48 trunks per posi¬ 
tion on which the incoming calls are received. 
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Multiple jacks in the panels of the trunk board on a basis of one per line in jack-per- 
line systems, and one per subscriber's station in jack-per-station systems. The 
“B" operator completes the call by inserting the trunk plug into the multiple 
jack corresponding to the number of the called party. 

In any panel-type office the following corresponding equipment elements enter into the comple¬ 
tion of a call to any one of 10,000 subscribers. (See Fig. No. 3.) 

(a) Power-driven incoming selectors, 60 per incoming frame, 30 on a side, which are the 

incoming end of the out-trunks originating as terminals on the district multiple 
banks, or as terminals on office frame multiple banks as explained in the following: 

(b) Incoming frames having a capacity of 500 multiple terminals, five banks of 100 ter¬ 

minals each. The terminals are divided into 20 groups of 24 terminals each (one 
terminal per group is used for an overflow) and are cabled to 20 separate final 
frames where they terminate as power-driven final selectors. 

(c) Final frames having a capacity of 500 multiple bank terminals, five banks of 100 

terminals each, each one of which is connected to a subscriber's station. Final 
frames have a capacity of 60 final selectors, 30 on a side, which can complete 
calls to the particular 500 stations terminating on the frame. 

From (b) and (c) it is noted that each incoming selector can complete calls to any 
one of 10,000 stations as follows: 

Each group of incoming to final trunks can reach any one of 500 stations. 

Each incoming selector can reach trunks in any one of 20 groups of incoming to final 
trunks. 

Therefore, each incoming selector can reach any one of 20X500 or 10,000 subscribers 
and thus coincides with an incoming trunk at a manual, jack-per-station “B" 
board in its capacity of completing calls to any one of 10,000 subscribers. 

1.1 Out-Trunking Frames (See Fig. No. 1). 

The out-trunking frames are the district and office frames. These two frames in series are 
required in the case of large and medium sized exchange areas to provide a sufficient number of groups 
of out-going trunks with enough trunks in each group to take care of the number of destinations. In 
the case of small exchange areas, the office frames are usually eliminated, as enough properly sized 
groups of trunks can be obtained by the use of only district frames. 

See Sketch A of Fig. No. 1. This shows the typical divisions of a bank of 100 terminals. These 
divisions exist only from a wiring standpoint, that is, the bank is not divided mechanically. Consider¬ 
ing the 100 terminals of a bank as numbering from 0 to 99, eight groups of 10 terminals each and two 
groups of five terminals each are obtained by placing a circuit condition on “overflow" terminals 10, 
21, 32, 43, 54, 65, 76, 87, 93 and 99, such that selectors routed to groups containing terminals 0 to 9, 
11 to 20, 22 to 31, 33 to 42, 44 to 53, 55 to 64, 66 to 75, 77 to 86, 88 to 92 and 94 to 98, cannot hunt 
up past the overflow terminal. This circuit condition is “battery on the tip terminal," which, when 
encountered, will stop and return the selector to normal, the subscriber being notified by an “all paths 
busy" tone that all trunks are busy, and to dial again after waiting a few seconds. The eight groups 
of 10 and two groups of five trunks may be combined into larger groups of varying sizes up to 90, as 
required, by changing the overflow terminal to a “made-busy" terminal, this being accomplished by 
“grounding" the sleeve terminal. Thus, if terminals 0 to 9 and 11 to 20 are to be combined into a 
group of 20, the sleeve of terminal No. 10 is grounded and becomes practically a “busy" terminal and 
permits a selector which has found terminals 0 to 9 “busy," to hunt past terminal No. 10 to find an 
idle trunk among terminals No. 11 to 20. In case terminals 11 to 20 are all found busy, the overflow 
condition retained on terminal No. 21 will return the selector to normal. In case a group of 90 trunks 
as desired, terminals 10, 21, 32, 43, 54, 65, 76, 87 and 93, are made busy and terminal 99 acts as the 
overflow. 
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Considering the two small groups of five trunks each on a bank as a group of 10, the maximum 
number of groups (or exchange destinations) that can be assigned on a bank is nine, this being on a 
basis that 10 trunks per group will be sufficient. Then, on the five banks of a district frame it would 
be possible to assign only 45 groups of 10 trunks each, or in other words, it would be possible to trunk 
to only 45 office destinations. 

In practice it is usually the case that trunk groups to other offices require more than 10 trunks. 
In case 90 trunks per group are required, only five groups, or five office destinations, could be taken 
care of. From this it is evident that the 450 trunks of a series of district frames connected in straight 
multiple would not be enough to take care of trunking to the following theoretical exchange areas: 

50 offices, 10 trunks to each office 
10 offices, 90 trunks to each office 
25 offices, 10 trunks to each of 5 offices 
20 trunks to each of 5 offices 
30 trunks to each of 5 offices 
60 trunks to each of 5 offices 
80 trunks to each of 3 offices 
90 trunks to each of 2 offices 


More trunks may be obtained by either of the two following methods: 

By “splitting” frames into more than one group, from a trunking standpoint. 

By introducing office frames. 

The application of both of these methods is shown graphically in Fig. No. 1. Assume a theoretical 
exchange area of 50 offices, which on account of the number of offices and number of trunks to each 
office requires the use of office frames. The requirement of small groups of trunks to miscellaneous 
destinations such as information operator, special “A” operator, A-B Toll, long distance, routine test¬ 
ing, etc., will be ignored for the present in order to simplify the illustration used to explain the trunk¬ 
ing scheme. 


The seven line-finder frames shown have a capacity of 300 lines and 60 line-finders each, it being 
assumed that the calling rates and holding times of each group of 300 lines are such as to require 60 
finders during the busy hour. These 420 line-finders are linked to 420 district selectors, grouped on 
seven district frames on a basis of 60 selectors per frame. These 420 district selectors must have access 
to groups of trunks to all destinations in the exchange area, since each one of the 2100 subscribers must 
be afforded the facility of dialing any other subscriber in the exchange area. In order that all district 
selectors may reach all trunk groups, it is necessary that these trunk groups be multiplied through on 
the banks of all seven district frames. If this were done in the theoretical exchange area of the example, 
the 450 trunks available would be sufficient if nine trunks could handle the traffic to each of the 50 
offices. It is, however, not possible to assign a number of trunks to a group other than a multiple of 
5 or 10, and 500 trunks (10X50) cannot be had in a straight multiple of all trunks through all frames. 


Assume that the outgoing trunk requirements of the office, to itself and the other 49 offices of the 


exchange area, are as follows: 


To Office No. 


1—(Local Trunks). 

3, 4, 6, 7, 18, 19, 21, 22, 30, 31, 40, .41, 48, 49 and 50 each. 

2, 9, 10, 24, 25, 38, 44, 45 and 46 each. 

8,13,15,16,17, 23, 27, 28, 29,33,34, 35,37,39 and 47 each. 

5, 11, 14, 20, 32 and 43 each. 

12, 36 and 42 each. 

26. 


No. of 

Total 

Trunks 

Trunks 

100 

100 

30 

450 

40 

360 

20 

300 

10 

60 

60 

180 

50 

50 


1500 
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These trunks have been distributed on the multiple banks of seven district frames and eight office 
frames as follows: (See Fig. No. 1.) 

One hundred trunks are required to handle local calls to the incoming of office No. 1. 
feince the trunk capacity of a group is 90, this being the maximum number of 
trunks over which any selector can test, the 100 trunks are obtained by assign¬ 
ing the lower 50 trunks of district bank No. 0 and by splitting the group between 
frames D-3 and D-4. A group of 50 trunks from D-3 and another group of 50 
from D-/, making a total of 100 trunks, are thus obtained. This procedure meets 
the requirements that each district selector must have access to every exchange 
destination, in that the district selectors of frames D-l to D-3 inclusive and 
those of D-4 to D-7 inclusive are merely divided and given two parallel paths 
to the same destination. By splitting large trunk groups into smaller sub¬ 
groups, the line-finder load is handled over a number of smaller trunk paths 
rather than over one large path. The advantage of splitting is that the use 
of smaller groups permits of taking care of more destinations on a bank. The 
use of sub-groups to office No. 1 permits of placing a group of 40 trunks to office 
No. 2 on Bank No. 0 as well. 

It should be noted, however, that the use of smaller sub-groups results in an inefficient 
use of trunks since a large group of 100 trunks, as an example, can handle as 
much traffic as approximately 120 to 130 trunks when divided into two groups 
of 60 or 65 trunks. Thus, in the case of the local trunk requirements for office 
No. 1 of 100 trunks, the use of two groups of 50 is not strictly correct, since the 
inefficiency of small groups would require sub-groups of about 60 to 65 trunks 
each. The division into sub-groups of trunks local to the office is generally 
permissible since the resulting inefficiency of trunks does not carry with it an 
inefficient use of outside trunk plant. 

It is usually desirable to keep inter-office trunks in one group in order to avoid inef¬ 
ficient use of underground cable pairs, but at times it may be economical to 
split groups on the district frames in order to avoid the furnishing of office selectors, 
or to reduce the number of such selectors. 

The 40-trunk group to office No. 2 shown on district bank No. 0 is an example of 
inter-office trunking to the outside exchange through the M. D. F. direct from 
the district frames and is typical of the way all outgoing trunk groups are cabled 
in the case of offices in exchange areas where the trunking requirements are so 
small as to make office frames unnecessary. 

District banks No. 1, No. 2, No. 3 and No. 4 provide terminals for groups of trunks 
to four office zones, these trunks terminating as office selectors on the office 
frames. As many office frames are required in each group or zone as there are 
trunks in the group divided by 60. The remaining 48 offices are divided into 
office zones as follows: 

Zone 1. Offices 3 to 17 inclusive 
Zone 2. Offices 18 to 29 inclusive 
Zone 3. Offices 30 to 41 inclusive 
Zone 4. Offices 41 to 50 inclusive. 

The trunk groups to each of these office destinations are terminated and multipled 
on the multiple banks of the various office frame groups as shown in Fig. No. 1. 

One hundred and twenty trunks are provided from district to office zone No. 1 
by means of two sub-groups of 60 each, split between frames D-3 and D-4. 

The office frames of each group or zone are separate and distinct from the office frames of any 
other zone, and provide trunking facilities to only those offices which are terminated and multiplied 
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on the office frames of the group. Thus a call originated by subscriber No. 1534, of office No. 1 
for any subscriber in office No. 17 is “found” by a line-finder selector on line-finder frame No. 6, and 
the sender which registers the call directs the district selector associated with the line-finder in use to 
bank No. 1 on district frame No. 6, where this selector “trunk hunts” for an idle trunk in sub-group B. 
This brings the call in on an office selector on either office frame No. 1 or No. 2, depending on which 
trunk of the group to office frames was found idle, and the sender directs the office selector to office 
bank No. 4, layer No. 4, where the selector hunts through layers Nos. 4 and 5 for an idle trunk to office 
No. 17. 

Similarly a call originated by subscriber No. 254 of office No. 1 for any subscriber in office No. 25 
is “found” by a line-finder on L. F. frame No. 1, and the associated district selector is directed by the 
sender to pick an idle trunk in district bank No. 2. The corresponding office selector on either office 
frame No. 3 or No. 4 is then directed by the sender to office bank No. 3, layer No. 4, where it “trunk 
hunts” through layers No. 4 to No. 7 inclusive, to find an idle trunk to office No. 25. 

If the same subscriber were to call a subscriber in office No. 19, a district trunk to office zone No. 2 
would be picked as before, but the sender would in this case direct the office selector to pick an idle 
trunk on office bank No. 0, in layers Nos. 3 to 5 inclusive. A local call to office No. 1 originated by 
subscriber No. 254 of office No. 1 would be directed by the sender through district sub-group A directly 
to a local incoming selector on an incoming frame of office No. 1. A call to office No. 2 by the same 
subscriber would be directed by the sender to an idle trunk in layers Nos. 5 to 9 on district bank No. 0, 
directly through M. D. F. to office No. 2, terminating either as an incoming selector or as a call-indicator 
trunk depending on whether office No. 2 is full-mechanical or manual. 

From the layout of Fig. No. 1, the derivation of the names “district” and “office” is readily appar¬ 
ent, “district” being applied to frames which provide trunks to “district” or “zones” of offices, and 
“office” being applied to those frames on which the individual office trunk groups originate and on 
which the office trunk selection is made. 

In any office layout in which district and office frames are involved the following rules are in general 
observed: 

The larger groups of trunks should be placed on the district multiple and the smaller 
groups on the office multiple, since this tends to decrease the number of office 
selectors which must be provided to handle calls between the district and office 
selectors. 

The larger groups of trunks should be placed at the bottom of the banks, since this 
leads to slightly quicker group selection and is also an arrangement to which 
additions may be made without disturbing the slip provided for the original 
trunk group in order to reduce to a minimum the average selector hunting time, 
reduce to a minimum the danger of simultaneous seizures of trunks by selectors 
and distribute wear evenly over all trunks of a group. 

The trunks in a group or sub-group on the district or office multiple banks are not multiplied straight 
through the frames, but are “slipped” in accordance with a definite plan. By “slip” is meant the 
changing of the relative positions of the trunks in a group on each succeeding frame. The trunks in 
a group are slipped in layers of ten and, in addition, the order of count is reversed for the top and bottom 
layers on each succeeding frame. See Fig. No. 2, which shows graphically standard slip arrangements 
for district or office groups of 30, 20 and 10 trunks carried through a number of frames. 

In the case of the 30 trunk group, the trunks appear in regular order on the first frame numbering 
0 to 29 up from the bottom. On the second frame, trunks 0 to 9 appear on the top layer of the group 
and number from the top down. Trunks 10 to 19 appear in the bottom layer and number down from 

i the top. Trunks 20 to 29 appear in the middle layer and number up from the bottom. On the third 
frame, trunks 0 to 9 appear in the middle layer and number down from the top. Trunks 10 to 19 appear 
in the top layer and number up from the bottom. Trunks 20 to 29 appear in the bottom layer and num- 
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ber down from the top. On the fourth frame the 30 trunks will again appear in regular order numbering 
up from the bottom. This cycle of slips is repeated throughout the entire number of frames at which the 
group or sub-group of trunks appears. This slip is made in the local wiring or cable multipling the 
frames together. The equipment arrangements necessary to provide for the slip will be explained in 
subsequent sections of these notes. 

1.2 In-Trunking Frames (See Fig. No. 3). 

The incoming and final frames are the in-trunking frames. They are required in all full- 
mechanical offices to provide a means for incoming trunks to reach any one of 10,000 subscribers' stations. 

All incoming trunks are selector-ended at the incoming frames whether incoming from mechanical 
offices, incoming from manual offices (in which case the cordless operator controls the cordless incoming 
selector through the medium of the “B” sender), incoming from toll or long distance (cordless operation 
also) or key-indicator incoming from manual, in which case the manual “A” operator sets up the con¬ 
nection. The number of incoming frames required is determined by dividing the total number of incom¬ 
ing trunks by 60, the capacity per frame. 

As previously explained, one layer of incoming trunk multiple (24 trunks) must be reserved for 
trunks to each set of final frame multiple. It is, therefore, impossible to build up groups of trunks 
larger than one layer on any one incoming frame by making the overflow terminals between layers test 
busy. Therefore, split groups of trunks are used to obtain the number of trunks required to any one 
set of final multiple when more than 24 trunks are needed. Fig. No. 3 shows a provision made for 60 
or more trunks to each of the final choices. Trunks to each of choices No. 0 (lines 0—499) and No. 19 
(lines 9500—9999) are shown in detail, 24 trunks being obtained in the multiple through incoming 
frames No. 1 to No. 3 inclusive, 24 in the multiple through incoming frames No. 4 to No. 6 inclusive, 
and No. 12 in the multiple through incoming frames No. 7 to No. 9. Twelve are left dead. 

In the case of choices No. 4 and No. 5, it has been assumed that 72 trunks are required to terminate 
the calls from the incoming trunks. When more than 60 trunks are required to care for the incoming 
traffic to the 500 lines terminating on a final frame, additional final frames are provided and the sub¬ 
scriber's multiple is extended to the multiple banks. Frames used for providing the additional selectors 
are furnished with a capacity for 60 selectors, but if the estimated number of selectors required on the 
additional frames to care for the calls to 500 stations is less than 30, the multiple banks are split, that is 
cut on a vertical line in the center, and one-half only used in connection with the first frame. This 
permits the other half of the frame to be used as an additional multiple for another frame. This con¬ 
dition is illustrated in Fig. No. 3 in connection with choices No. 4 and No. 5. When the number of 
additional selectors required is in excess of 30, a whole final frame of 60-selector capacity is used in the 
multiple. In business or hotel areas where the calling rates are very high it is frequently necessary to 
furnish two multipled final frames on each choice. Occasionally it happens that the calling rate to a 
particular choice is very high due to the lines of large hotels, theatres or business houses being in that 
choice, making necessary the furnishing of several final frames in multiple for that choice. In the case 
of the Pennsylvania full-mechaincal equipment in New York it was necessary to furnish five final frames 
in multiple for one of the final choices in order to take care of a number of large hotels whose numbers 
occurred in that choice. 

Sketch A of Fig. No. 3 shows the typical divisions of an incoming bank of 100 terminals. As in 
the case of district and office frame banks, these divisions are made in the wiring attached to the bank. 
The bank itself is not divided mechanically. 

Fig. No. 4 shows the slip arrangement used for incoming multiple. This slip is similar to that used 
for district and office frames except that the number of trunks in the group that is slipped is six instead 
of 10, that is, each full multiple layer of 24 trunks is divided into four layers of six trunks each. 

2. Exchange Layout for Two-Digit Full-Mechanical Office. 

Fig. No. 5 shows a schematic layout of the equipment elements of the Toledo, Broadway, two-digit 
full-mechanical office. A layout of this nature is being made as a part of the equipment record of each 
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of the full-mechanical offices on the schedule. It is prepared by or under the supervision of the equip¬ 
ment engineer from the Telephone Company’s specification data at the start of engineering and is listed 
for record in the installing specification of the equipment. This layout is of information value to every¬ 
one concerned with the engineering, manufacturing and installation of the equipment, since it is a graphi¬ 
cal record of the component parts of the equipments and their inter-connection with one another, and 
affords a quick means of grasping the extent and nature of the equipment. 

The following points should be noted in the study of this schematic: 

The use of 28-28 line-finder frames, indicating either low calling rates or short holding 
times on originating calls, or both. The method of cabling incoming lines through 
the M. D. F. and I. D. F. and the line message register cross-connection. 

The use of separate line-finder frames, senders, sender-selectors and district frames 
for the two different classes of service, flat rate and registered message rate. 
Separations of this nature are necessary since the functions performed by the 
mechanical apparatus must necessarily vary somewhat with the service require¬ 
ments. 

The division of the district multiple into trunk groups to various destinations and 
the cabling of these trunks through the I. D. F. and M. D. F. 

The manner of cabling and cross-connecting: 

Local trunks to Broadway incoming frames 
Inter-office trunks to outlying Toledo offices 
Local trunks to desks 

Out-going trunk testing circuits to trouble desk. 

The sources of incoming trunks and method of cabling to incoming selectors. 

The elimination of cordless equipment due to use of key-indicator equipment in the 
exchange area. 

The use of split final frames on regular choices. 

3. Exchange Layout for Three-Digit Full-Mechanical Office. 

A schematic layout of the equipment elements of the out-going end of the New York, Whitehall 
three-digit full-mechanical equipment is shown in Fig. No. 6. The Whitehall equipment will be one 
of the largest equipments to be placed in service, due to the extremely heavy calling rate of the lines 
which it will serve. It will be located in the New York financial district. It is, therefore, hardly typical 
of the average three-digit equipment, but will serve to bring out what is involved in the engineering, 
manufacture and installation of an extremely large full-mechanical equipment. 

The following points should be noted in the study of this schematic: 

The use of 60 selector line-finder frames. The calling rates are so high that only 240 
lines can be placed on a frame. In normal exchanges, 300 lines can be served by 
60 line-finders. 

The provisions made for two different classes of service, message rate individual and 
coin box. 

Translator frames and pulse machines. 

District multiple bank divisions and splits. 

Use of district distributing frame on which all district multiple is terminated and 
cross-connected to office selectors, and to M. D. F. tie lines. 

Office multiple divisions, zone splits and out-trunk cabling through M. D. F. 







30 


TRUNKING SCHEME 


Special “A” board positions arranged for handling “A-B toll” traffic on a semi¬ 
mechanical basis and associated “A” operator’s district and sender frames. 

Use of routing key trunks and local senders required by the “A” operator to route 
calls to destinations which do not appear with the “restricted” destinations on 
the “A” operator’s district frames. 

Figure No. 7 shows a schematic layout of the equipment elements of the incoming end of the 
New York, Whitehall three-digit full-mechanical equipment. 

The following points should be noted in the study of this schematic: 

The character and distribution of the incoming trunks on the various incoming frames. 

The use of cordless equipment, standard 60-trunk capacity single-position sections 
and associated “B” sender and sender-selector frames. 

The division of the incoming frames into various sub-groups of such a size that 24 
incoming trunks to final frames can handle the traffic to each choice. 

The use of two full final frames for each choice and the provision of three spare split 
final frames for use on any choice where the two full frames provided will not 
prove sufficient. 

It will be of value to compare the two offices whose schematic layouts are presented for study. 
The Toledo, Broadway Exchange is a two-digit office serving 2400 lines initially, and, due to the very 
light trunking requirements, is not a typical office. The average two-digit office will have about twice 
the number of frames for the same number of lines. The New York, Whitehall Exchange, on the other 
hand, is one of the very largest of three-digit full-mechanical installations. It serves 5500 lines initially. 
The average three-digit office for the same number of lines will have only about one-half the number 
of frames required for Whitehall Office. In the panel schedule given in Section I, the two equipments 
are listed in terms of the number of lines they serve. From a comparison of the schematic layout of the 
two exchanges, it is apparent that the number of lines served is no measure of the amount of engineering, 
manufacturing and installing effort required to produce a full-mechanical equipment. 




Section III 

Full-Mechanical Panel-Type Apparatus 

1. General Type of Apparatus. 

The type of apparatus used in a full-mechanical exchange is radically different from that used in 
manual offices. In a manual office connections are made by the operator inserting plugs into jacks to 
which are attached connecting cords. In a full-mechanical office similar connections are made by 
power-driven apparatus. Groups of terminals in flat panels or banks replace the jacks and brushes 
driven up or down in front of these banks by means of motor drives, replace the cords and plugs and 
make connections to these terminals. 

In a manual office the connecting apparatus is located in switchboard sections, while in a full-mechan¬ 
ical exchange the power-driven selecting apparatus is mounted on iron frameworks called selector frames. 
Each selector frame is equipped with banks, on which the outgoing lines or trunks are terminated, and 
a number of selecting brushes which make connections to the terminals on the banks. 

2. Arrangement of Typical Selector Frame. 

Each unit of selector frame provides a capacity for mounting five banks of multiple terminals and 
60 sets of selecting brushes, together with the driving mechanism, sequence switches, relays, etc., asso¬ 
ciated with them. 

The five banks are mounted in a central unit of iron framework as shown in Figure No. 1. The 
terminals on these banks project on both the front and rear and consequently selecting brushes are 
placed on both sides of the banks, 30 sets of brushes being located on the front and 30 on the rear of 
the frame. This method of construction allows a large number of selectors to be located in a minimum 
amount of space, which is highly desirable, since floor space must be used as economically as possible 
due to the large number of frames required for a machine switching equipment. 

The relays and sequence switches in the selector circuits are located in relay rack wings projecting 
from each end of the central unit containing the multiple banks. 

Figure No. 1 is a view of a typical selector frame. In the central part of the frame the five banks 
are shown mounted one above the other. In front of these banks are the 30 brush support rods to 
which are attached the multiple brushes. Thirty similar brush rods and associated brushes are mounted 
on the other side of the multiple banks on the rear of the frame. The 60 brush support rods are caused 
to move up or down as required by means of the constantly revolving friction rolls located directly 
below the bottom bank. 

To the right of the central unit containing the banks is located a wing consisting of two bays of a 
relay rack type of construction. The 30 sequence switches associated with the 30 selectors on the 
front of the frame are located in the bay nearest the multiple banks, while 30 mounting plates, on each 
of which is mounted the relays and resistances for one of these selector circuits, are mounted in the 
next bay. To the left of the central unit is another similar wing on which are mounted the sequence 
switches and relays associated with the selectors located on the rear of the frame. 

3. Subscriber’s Station Equipment. 

The types of sub-station equipment used with machine switching offices are substantially the same 
as the present standards for manual operation with the exception of certain wiring changes and the 
addition of a dial. A photograph of a desk stand is shown in Figure No. 2. It will be noted that the 
post of this set is mounted off center on the circular base in order to provide room for mounting the 
dial. 
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Dial.—A subscriber in order to obtain a connection sets up the number desired on the dial. The 
operation of the dial by the subscriber causes a combination of impulses, in accordance with the number 
dialed, to be sent into the exchange where they are recorded and translated into proper impulses required 
by the selecting mechanisms. The moving portion of the dial (see Figure No. 3), consists of a shaft which 
carries a finger dial, a governor driving gear, and an impulse wheel. The impulse wheel has 10 teeth 
in its periphery which engage with a hinged metal device called the “ impulse pawl.” This impulse 
pawl is so located on the frame of the dial that a hard rubber bushing mounted on it is directly behind 
the impulse spring. When the finger dial is returning to normal, after it has been rotated by the sub¬ 
scriber, the rotating impulse wheel causes the impulse pawl to swing back and forth in such a manner 
as to cause the bushing to strike against the impulse spring and break the impulse contacts each time 
a tooth on the impulse wheel engages the pawl. 

The finger dial, as may be seen in Figure No. 3, has 10 finger holes which are located directly above 
the numbers and letters appearing on a stationary number plate. The numbers on the number plate 
correspond to the number of impulses sent out when the finger dial is rotated from the normal position 
to a fixed position and released, that is, should the dial be rotated from the hole under which 9 appears 
to the finger stop and released, on its return to normal it would cause the impulse springs to be opened 
nine times and nine impulses would be delivered to the mechanical apparatus in the exchange. 

The power required to return the finger dial to its normal position after it has been rotated by the 
subscriber, is furnished by a coiled spring located around the dial shaft, and which is wound up by the 
subscriber each time he rotates the dial. The speed of the return of the dial to its normal position is 
controlled by a rotating governor which is driven by means of a pinion from the governor driving gear 
on the rotating shaft. 

Besides the two impulse springs there is a set of three other springs mounted on the rear of the 
dial, which, when the finger dial is out of its normal position, open the receiver circuit and place a short 
circuit around the transmitter. The transmitter is short circuited in order to eliminate its variable 
resistance and to make the line conditions more nearly constant while the impulses are being sent inta 
the central office. 

Desk Stand.—The desk stand used is similar to that used in manual practice except that the post is 
mounted on a base designed to carry both the dial and post as shown in Figure No. 2. The method of 
converting the subscriber’s manual equipment to machine switching equipment depends, of course, on the 
conditions met in the exchange under consideration, but for the present it will be replaced by new appa¬ 
ratus and the old equipment will be used in existing manual exchanges, or converted in the shop. 

Wall Sets.—A wall set of the standard manual type will be converted to machine-switching type by re¬ 
moving the cover and replacing it by a new one carrying a dial in addition to the transmitter. This will be 
done on the subscriber’s premises or the manual set will be completely replaced by a new set containing a 
dial. For wall sets of the older types and coin collect stations where a change to the latest type of 
equipment might not be desirable, a dial earned on a pedestal will be attached to the existing equipment. 

4. Multiple Bank For Selector Frames (See Figure No. 4). 

The multiple bank used in panel-type machine switching offices consists of 300 superimposed metal 
strips separated from each other by strips of insulation, the whole being held together by a bolted metal 
framework. Each metal strip is punched with 30 contact terminals on each edge with which the sets 
of multiple brushes on each side of the bank may make contact. Each metal contact strip is also pro¬ 
vided with a soldering lug at each end for wiring purposes. 

The contact strips are arranged so that the contact terminals form vertical rows, and so that these 
rows are grouped in threes. The center row of each set of terminals is known as the “sleeve” or “test” 
and the outer rows as “tip” and “ring.” Each strip provides one terminal per group of three rows 
and duplicates this arrangement in all groups of vertical rows, that is, one strip may be the sleeve lead 
and will provide one center terminal in all groups of three vertical rows. A multiple brush, therefore^ 
to obtain a connection with a tip, a ring, and a sleeve terminal, will make contact with terminals from 
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three adjacent strips in the bank. Consequently these three terminals are not in horizontal alignment. 
Three such strips are always used in establishing a connection. 

A device called a “comb” is used for guiding the brushes to the contact terminals of the bank. 
It consists of a brass strip, the same length as the contact strips, with 90 teeth on each edge and is mounted 
directly above the bottom horizontal bar forming the bank framework. The teeth are bent downward 
and are so spaced that one will appear directly below each vertical row of contact terminals. 

5. Multiple Brush. 

Multiple brushes are sets of springs similar to key springs which wipe over the tip, ring, and sleeve 
terminals of the multiple banks and make electrical connections to the particular set of terminals selected. 

The multiple brush, shown in Figure No. 5, consists of a metal framework supporting suitably 
insulated contact springs, two inner and two outer, the inner pair being bent in such a manner as to 
retain a spring-separating device either in the normal or tripped position. In the normal position the 
spring separating device keeps the two inner springs separated, which in turn separate the outer ones 
so that the brush does not make contact with the multiple bank terminals during any movement of 
the brush rod. However, when the spring separating device is unlatched or “tripped, ” the brush springs, 
make contact with any bank terminal opposite which they may be carried by the selector brush rod. 

The spring separating device is a hinged metal detail which forms the trip and reset levers and carries 
a pair of rollers which are wedged between the inner springs when the brush is in the normal position. 
The trip finger on the trip rod engages the trip lever to “trip” the brush and so swings the rollers out 
from between the inner brush springs. As the selector returns to normal the reset lever strikes against 
the resetting plate which restores the brushes to the normal or untripped position. 

The contact springs of the brushes span the terminals, the two inner springs making contact along 
the edge of each side of the terminals in the center row and the outer springs on the outer edges of the 
terminals in the outer rows. On trunk-hunting selectors, that is, on district, office, incoming, line- 
finder, and “B” sender-selectors, both sleeve and center springs are in the circuit. One makes contact 
with one side and the other with the other side of the same multiple bank terminal, the springs being 
staggered so that contact will be made with the next succeeding bank terminal before it is broken with 
the preceding one. This type of brush is called a “bridging” brush. On final selectors one center 
spring only is in the circuit, the other spring having a tension adjustment to balance the brush. A 
brush of this type is called a “non-bridging” brush. The ends of all the brush springs, with the exception 
of the sleeve contacts of trunk hunting selectors, are provided with insulating shoes in which the contact 
terminal is embedded, the shoes acting as a guide for the brush springs. 

6. Brush Rod. 

The brush rod is a hollow metal tube mounted vertically before the multiple banks as shown in 
Figure No. 1. On each brush rod five multiple brushes are mounted, one for each of the five multiple 
banks on a frame. These five brushes on each rod are connected in multiple. It is only necessary to 
move the brush rod over the distance occupied by one multiple bank to bring all the 500 sets of multiple 
bank terminals on a frame within reach of some one of the five brushes. The multiple wiring between 
the five brushes on one rod and the commutator brush mounted on top of the brush rod is carried inside 
the rod. Figure No. 6 shows a close view of the brush rods at a point where the bottom brushes are 
attached. 

The brush rod is held in place and guided by bearing plates at the bottom of each bank except the 
lowest one. A bearing plate is not placed at the bottom of the lowest bank for the reason that the brush 
rod only extends to the bottom of this bank and would move out of this bearing each time it was ele¬ 
vated. On frames equipped with vertical trip rods, a yoke which takes the place of a bearing at the 
bottom of the lowest bank, is fastened to the brush rod just above the lowest brush. A forked end on 
the yoke, which fits over the trip rod, guides the bottom brush and insures a good electrical contact. 
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between this brush and the bank terminals when it is tripped and in use. The weight of the brush rod 
is supported by the “rack,” described later, which is coupled to the lower end of the brush rod. 

7. Rack. 

Attached to the bottom of the brush rod is a flat strip of metal known as the “rack,” which extends 
downward immediately in front of the friction rolls between the rolls and the armature of the clutch 
magnets. When a clutch magnet is energized the roller on its armature presses the rack against the 
revolving friction roll which drives it up or down carrying the attached selector rod with it. The rack 
has a series of 100 horizontal slots cut in it corresponding to the centers of the sets of terminals in multiple 
bank. A pawl on the clutch engages with these slots during all the upward movements of the brush 
rod and prevents the rod from falling back when it is driven to the desired height. When the down 
drive magnet is energized, this pawl is disengaged. Racks used on selector frames equipped with vertical 
trip rods have five additional slots spaced to hold the multiple brushes in the proper position for brush 
tripping. The construction of a rack is shown in Figure No. 6. 

8. Clutch. 

The clutch is that part of the selector mechanism which applies power to elevate and lower the 
multiple brush rod and to support it when in the elevated position. There are two types of clutches used 
on selector frames, the “two-speed” and the “single-speed.” The two-speed is used on final selector 
frames and successively elevates the brush rod at high speed to pick out a group of ten lines and then 
at low speed to pick out the desired line in that group of 10 lines. The single-speed clutch is used on all 
other types of selector frames and elevates the brush rod at high speed only. The trip magnet and 
mechanism for rotating the trip rod are also mounted on the frame work of clutches which are arranged 
for brush hunting. The clutch proper performs its function in conjunction with the friction rolls of 
the power-drive unit and is therefore mounted with a number of others directly in front of these rolls. 
Each clutch supports on its frame some or all of the following parts: 

The up-drive magnet and roller (high speed) 

The up-drive magnet and roller (low speed on final selectors only) 

The pawl 

The trip magnet and trip armature 

The down magnet, roller and pawl trip lever. 

The operation of the clutch is as follows: 

The high speed up-drive clutch is first energized and its roller presses the rack against the high speed 
up-drive friction roll driving the rack and brush rod upward at a high speed of about 60 terminals per 
second. At the height where brush selection is to take place the up-drive magnet is de-energized remov¬ 
ing the up-drive power. The pawl which is normally in engagement with the rack enters a slot in the 
rack at this point and holds the rack and brush rod in place. The trip magnet then operates to rotate 
the trip rod as described in detail later under “tripping mechanism.” The high speed clutch magnet 
is then again energized to trip the brush and carry it to the desired group of terminals and then to choose 
an idle trunk in the proper group. In the case of the final selector, this last operation does not take place, 
but the slow speed up-drive power is applied by energizing the slow speed up-drive magnet to choose 
the proper terminal. 

In restoring the selector to normal the down-drive magnet is energized and attracts its armature, 
which first disengages the pawl from the rack due to the movement of the pawl trip lever, and then lowers 
the rod by friction against the down-drive roll. 

Figure No. 7 shows two views of a two-speed clutch. One view shows the clutch with one of its 
frame stampings removed exposing its working parts. Figure No. 8 shows a number of clutches mounted 
in front of the friction roll drives and Figure No. 9 shows a closer view of the mounted clutches and 
tripping mechanisms. 
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The clutch frame consists of two metal stampings provided with a number of brackets for supporting 
the operating magnets and their respective armatures. Referring to Figure No. 7 and counting from 
the bottom up the magnets are located as follows: 

Low Speed L^p Magnet (On Final Frames Only) 

High Speed Up Magnet 
Down Magnet 
Trip Magnet 

The pawl shown to the right of the trip magnet is a lever provided with a small tongue which engages 
the slots of the rack to prevent it and the brush rod from falling back after being driven to the desired 
height. It is attached to a retractile spring which serves to hold the pawl against the rack or in a slot 
when the down-drive magnet is not energized. When the down-drive magnet is energized, the pawl 
is disengaged from the rack by the action of the pawl trip lever, mounted on the down-drive roller arm, 
before the rack is pressed against the down-drive roller. 

9. Tripping Mechanism—Trip Rod and Lever. 

For the purpose of tripping the multiple brushes and to enable them to make contact with the 
multiple banks a tripping mechanism is used. It consists of a long vertical rod of small diameter known 
as the “trip rod” mounted directly behind each brush rod, between it and the multiple bank. The trip 
rod passes through the bearing plates of the multiple brush rod which serve to hold it in place. At 
the bottom of the trip rod where it passes through a hole in the clutch mounting plate, the trip rod 
rotating lever is clamped to the rod by a screw. The rod is free to rotate in its bearings about the axis 
and in operation it rotates through an arc of about 30 degrees. The rotation is produced by the trip 
magnet armature which bears against the trip rod rotating lever and opposes the tension of a retractile 
spring attached to the lever which tends to hold the rod in the normal position. 

There are five small trip fingers on the rod so placed that as the multiple brushes move up and down 
with the trip rod in its normal position, the trip levers on the brushes will pass by one side of the fingers 
without touching them. When the trip rod is rotated the trip levers pass by on the other side of the 
fingers without touching. It is arranged to trip one brush at a time and so the spacing of the trip fingers 
on the trip rod is slightly greater than that of the multiple brushes on the brush rod. Consequently, 
when the rod is raised to the first tripping position and the pawl engages the first slot in the rack, the 
lowest trip finger on the rod is so located as to be directly opposite the trip lever of the lowest brush. 
Because of their greater spacing the remaining trip fingers are above their corresponding brushes. If 
the rod is raised so that the pawl engages the second slot, the second trip finger and brush trip lever are 
opposite each other and the brush rod is in its second tripping position. The brushes above the second 
one are then below their trip fingers, but the lowest brush has passed above its trip finger. It will be 
seen therefore that whenever any brush is in its tripping position the trip fingers for the brushes above 
it are below their respective trip fingers and th.e brushes below the one to be tripped are above their 
respective trip fingers. 

The trip fingers are mounted so that they can rotate independently of the rotation of the rod itself. 
They are normally held against a rigidly fastened stop on the rod by means of retractile springs. To 
trip a brush it is therefore necessary to bring it into its tripping position and to then rotate the trip rod. 
The trip finger will engage the trip lever of the multiple brush and be held against it by the retractile 
spring. If the clutch is then energized to drive the brushes upward the trip fingers having no vertical 
motion will oppose the upward movement of the brush trip lever and so trip the brush, allowing its 
contact springs to press against the multiple bank terminals as soon as the brush is carried high enough 
to bring them in its path. In this rotation of the trip rod the remaining trip fingers pass either above 
or below their respective brush trip levers without touching them. 

The brushes are automatically reset on returning to normal by the “reset lever” on the multiple 
brush striking against the bearing plate at the bottom of the multiple bank with the exception of the 
lowest brush, the reset lever of which strikes the “reset plate.” 
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Figures No. 6 and No. 9 show the location of the trip rod in relation to the brush rod. Figure No. 9 
also shows how the trip rod is rotated by means of the trip magnet. 

10. Commutator and Commutator Brush. 

Circuit conditions in a selector circuit are such as to require current interruptions in leads through 
certain relays in the selector circuit at predetermined periods while the multiple brushes are being raised 
or lowered. Also a means must be provided for making connections to the multiple brushes. The com¬ 
mutator and commutator brushes are used for these purposes. 

The commutator is a strip of insulating material mounted at the top of a selector frame, one com¬ 
mutator being required for each selector circuit. On each side of this insulating strip there is inlaid 
three or more metal strips or segments with which the commutator brushes make contact. Soldering 
terminals are mounted at the ends of the commutator strips for connecting the leads to these segments. 

The commutator brush which consists of a set of springs is attached to the top of each brush rod. 
The springs engage with the metal segments or strips on the commutator and provide the means for 
making connection to the multiple brush springs, and for making and breaking selecting and signaling 
circuits. 

The commutators are secured to the iron framework of the selector frames by means of pressed 
steel details, called “commutator locating plates.” 

Figure No. 10 is a photograph showing a front and rear view of a commutator and associated locating 
plates, commutator brush and brush rod. 

11. Friction Roll Drive. 

A friction roll drive as shown in Figure No. 11 consists of two sets of rolls driven by gears from 
small motors. One set of the rolls is used for driving the 30 brush rods on the front of a selector frame 
and the other set is used for driving the 30 brush rods on the rear of the frame. The rolls are steel shafts 
covered with a layer of cork and are mounted horizontally below the multiple banks. The rolls in each 
set are placed one above the other. 

Two types of friction roll drives are required, one type having only one up-drive roll per side of 
frame for use on trunk-hunting selector frames, and the other type having two up-drive rolls per side 
of frame for use on individual line-selecting type of frames. 

On selector frames of the trunk-hunting type the multiple brush selects the particular group of 
trunks desired under the control of a sender, and then automatically hunts over the terminals of the 
trunks in the group until an idle trunk is found. The upward movement of the selecting brush may 
be at a relatively high rate of speed for both group selection and trunk-hunting, so that only one up-drive 
friction roll is required. A set of rolls on a trunk-hunting frame consists of an up-drive and a down- 
drive roll. 

In the individual line-selecting type of frame, the multiple brush selects first the particular group 
of 10 lines containing the desired line and then selects the desired line in the group, both selections being 
controlled by the sender. The upward movement of the multiple brush during the group selection 
may be at the high speed. For selecting the particular line in the group of 10, however, the high speed 
movement cannot be used, as the intervals between adjacent sets of terminals is too small to permit 
accurate control of the brushes by the sender. Therefore, a third roll is added to each set of friction 
rolls on such frames for driving the brush rods upward at a slower speed during the selection of a par¬ 
ticular line in a group of ten. 

The friction rolls are driven by gears from small motors. One motor is provided for each selector 
frame, but in order to avoid putting a selector frame completely out of service in case a motor stops, 
one motor is arranged to drive the selectors on the same side of two adjacent frames. Where an odd 
number of selector frames are located in a line the odd frame is equipped with two motors, each one 
driving half the selectors. A diagram of the driving arrangement is shown in Figure No. 12. This 
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diagram shows a plan view of the friction roll drives and associated driving motors, consequently only 
the top friction roll in each set is shown. The top sketch on this diagram shows a single unit motor 
drive and illustrates how the rolls on the front and rear of a frame are driven by separate motors. The 
bottom sketch shows a double unit motor drive and illustrates how the front and rear rolls on two adja¬ 
cent frames are driven by separate motors. It will be noted that the power is transmitted from one 
set of rolls on one frame to the similar set of rolls on the adjacent frame by means of connecting shafts, 
which are coupled to the drives by means of universal joints. 

12. Drive Motors. 

On the first few installations one-eighth horsepower alternating current induction motors were 
used to drive the friction rolls. Due to various reasons which will be given in Section XI, the use of 
this type of motor has been discontinued. In all future exchanges the duplex motor will be used. 

The duplex motor is constructed to operate on two independent sources of power, either alternating 
or direct current supplied from the city mains, or the current supplied from the 48-volt exchange battery. 
The motor consists of two separate armatures and associated fields enclosed in a common casing. The 
circuit is so arranged that in case the city power should fail the storage battery power will be auto¬ 
matically cut in and the motor will continue to operate on this power. When the city power is again 
restored the battery leads from the exchange battery will be automatically opened and the motor will 
again operate from the city power. The duplex motor continues to operate at normal speed during the 
shifting from one source of power to another and consequently the friction rolls, which are driven by 
these motors, are kept continually rotating. This feature is most desirable since the brushes used in 
setting up connections are moved up or down by means of these rolls. Should the friction rolls cease 
to rotate even for a short duration, the calls being dialed into the exchange during that time will be 
lost and those being set up will be delayed. 

13. Sequence Switch. 

A sequence switch is a mechanism for connecting and disconnecting circuits as required at different 
stages of the operation of a machine switching power-driven system. It consists of a frame supporting 
a number of brushes, a clutch magnet at one end and a horizontal shaft which is power-driven by a disc 
flexibly mounted on it. Rigidly secured to the switch shaft at regular intervals are a number of discs 
with insulating and conducting sectors on which the tips of the brushes rest. Terminals on the opposite 
ends of these brushes are wired to the circuits controlled by the switch. The switch is mounted adjacent 
to a constantly revolving vertical shaft to which is rigidly attached a driving disc with a small clearance 
between this disc and the flexible one on the sequence switch shaft. When the clutch magnet is energized 
the face of the flexibly mounted disc is drawn against the rim of the driving disc so that the friction 
between them rotates the switch shaft and the discs rigidly mounted on it. The rotation of the insulat¬ 
ing and conducting sectors of these discs between the brushes bearing on their opposite sides produces 
the required circuit changes. 

The switch has 18 positions, each of which may give different circuit combinations. It can be 
designed to stop in any of these positions. An index wheel and pointer at the right shows in what posi¬ 
tion the switch is standing. The discs having insulating and conducting sectors are called “cams” 
and are designated from left to right by letters A, B, C, etc. The cam brush springs are designated 
by their position on the cam, as “bottom or left-inner,” “bottom or left-outer,” “top or right-inner,” 
and “top or right-outer,” those on the side toward the clutch or “R” magnet being the “bottom or 
left” and the ones near the shaft known as the “inner.” The switches are made with a maximum 
capacity of either 20 or 24 cams. These designations as well as the general arrangement of the switch 
will be more readily understood by referring to Figures Nos. 13 and 14. Figure No. 13 is a photograph 
of the assembled switch, a cam and a brush assembly. Figure No. 14 shows a number of switches 
mounted adjacent to the sequence switch drive shaft. 

The “A” cam is a stamped circular metal disc with a corrugated rim and a disc of insulation riveted 
to its flat central portion into which small rectangular notches are cut at the various positions in which 
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the switch is designed to stop. The remaining cams are each made up of a circular disc of insulation 
between two metal plates, the plates being riveted together and thereby electrically connected. All 
cams have a square hole at the center of the insulating disc, nicked on one side to assist assembly, for 
mounting on the shaft. The metal discs, however, are always cut away at the center to clear the shaft 
and often to clear the metal collar between adjacent cams or to connect them with the aid of the metal 
collar. The metal collars which do not connect adjacent cams electrically are marked with a grooved 
ring around the outer surface. Those connecting adjacent cams are not marked. The metal discs 
of the cams also are so shaped or cut about the circumference that the brushes may rest on them or on 
the insulation, the associated circuits being closed or opened according to various switch positions. 

Since the switch has 18 positions each position has 20 degrees of the cam. When a switch is cen¬ 
tered on a position the springs are located approximately so that 10 degrees, or one-half of the position 
is in front and 10 degrees in the rear of the center of the springs. When the “A” cam is cut in a posi¬ 
tion, 10 degrees of the metal approximately in the center of this position are cut away, that is, when the 
“A” cam is cut in a position and the switch is centered on this position, the “A” spring will rest on the 
insulation. 

When any of the cams from “B” to “Y” inclusive are cut in a regular single position the first five 
and the last five degrees of the cam in this position are cut out, that is, a regular single cutting is a metal 
segment covering 10 degrees of the cam in the center of the position. With the switch centered on this 
position the contact spring will rest approximately on the center of this metal segment. 

When any cam from “B” to “Y” is cut to close in successive positions, then no part of the metal 
is cut away from between the positions, that is, on a cam cut to close in positions one to three, the metal 
segment will start in position one in the regular way and will be continuous from positions one to three 
and end in position three in the regular way. 

It will be seen that with one cam having a regular cutting in one position and another cam having 
a regular cutting in the succeeding position, when the switch is rotated the former cam will break con¬ 
tact with its spring before the cam and springs of the latter make contact. When circuit conditions 
require that one cam shall not break contact when moving out of a position until after another cam 
which is cut in the succeeding position has made contact, then one-quarter, one-half or three-quarters 
cuttings are made. They are also used for other purposes. Figure No. 15, sketch C, is a sketch of 
a cam showing all the angles into which it may be divided for the purpose of denoting the various cam 
cuttings possible. 

The position numbers are marked on the cam surfaces and a full heavy radial line drawn on which 
the brush tips rest when centered on these various positions. These lines are 20 degrees apart. These 
angles are divided in halves by the light full radial lines and are designated by the number one-half. 
These half angles are further subdivided by dotted radial lines denoting the quarter positions, so that 
in passing from the center of one position to the center of the adjacent one, the position of the brush 
tips at the one-quarter, the one-half and the three-quarters subdivisions of the 20-degree angle between 
position centers are clearly marked and designated. 

On circuit diagrams a notation is placed adjacent to each cam spring to denote the circuit changes 
of each spring during a revolution. A dash between two position numbers indicates circuit closure 
at the first position, an opening in the intervening positions and closure at the last numbered position. 
A series of position numbers separated by dashes indicates a series of closures at these positions only; 
e. g., 7-14 means closed in position No. 7 and again in position No. 14. A fractional designation means 
that closure takes place in the position indicated by the number in the numerator and remains closed 
until the position indicated by the number in the denominator is passed; e. g., 5-8 (read five to eight) 
means a closure in position No. 5 which continues until No. 8 is passed. 

Furthermore, it must be remembered that all circuit closures take place five degrees or a quarter 
position ahead of the position in which the numerical designation indicates closure, and that closure is 
retained until five degrees or a quarter position is passed beyond the position numerically indicated as 
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the point of circuit opening. A closure in position No. 7, referring again to Sketch C, begins at position 
No. 6% and ends at No. 7%, likewise cutting Vs would begin at position No. 4% and end at position 
No. 8%. Sketch C shows cuttings for positions No. 7 and No. 14 for the inner brush, and cuttings 
for positions No. 1% to No. 4, No. 5 to No. 8, No. 9% to No. 10%, and No. 13 to No. 16 for the outer 
brush. 

Sketch A in Figure No. 15 shows an isometric view of a sequence switch. In this view is also 
shown the wiring which operates the “R” magnet. The circuit runs from battery through the winding 
of the “R” magnet and to brushes associated with the “A” and “C” cams. At the “C” cam it will 
be noted that there is a cutting at position No. 4 for both the inner and outer brushes. When the 
sequence switch is in position No. 4 ground attached to the inner brush is connected on to the outer 
brush and consequently the circuit through the “R” magnet is closed. The “R” magnet then draws 
the driven disc up against the rotating driving disc and the sequence switch is rotated into position No. 5. 
Referring to the “ A” cam it will be noted that the metal is not cut away in position No. 5, consequently 
the circuit through the “R” magnet will still be closed and the sequence switch will keep on rotating 
until position No. 6 is reached. Sketch B in Figure No. 15 shows the circuit wiring described above as 
it would appear on a schematic circuit drawing. 

The brushes for cams from “B” to “Y” are mounted in groups of eight brush assemblies, the 
brushes and alternate layers of insulation being clamped by screws between two metal stampings, one 
providing a base for mounting, the other a small designation plate on which the cam letters are painted. 
The brush springs are extended in the rear to provide suitable soldering connections. The “A” cam 
spring assembly has a stiff spring with a roller on its end which bears on the left side of the corrugated 
rim and acts as a centering device, and two springs which bear on the central position of the cam on the 
right side. The inner spring makes continuous contact with the “A” cam, the outer one rests normally 
on insulation making contact only between positions and at positions in which the switch is not sup¬ 
posed to stop. This is to prevent the opening of the “R” magnet circuit at one of the other cams shortly 
after the switch moves out of position and consequent stopping of the switch between positions, since 
as soon as the switch moves out of position a circuit to the “R” magnet is closed through the “A” 
cam and its outer spring, and is only opened as the switch arrives at its next stopping position. 

The sequence switch drive shaft on which the round discs are mounted for driving the sequence 
switches, is supported in a vertical position by bearings mounted on the framework of the selector frame. 
Its weight is carried by a thrust bearing in the drive unit located at the bottom of the frame directly 
beneath the drive shaft. In these drive units a high speed shaft coupled to the motor shaft or an exten¬ 
sion of it carries a worm which drives a gear on a counter shaft below it. The countershaft in turn 
carries a worm which drives a gear on a vertical shaft coupled to the sequence switch drive shaft. The 
gears are so arranged that the sequence switch shaft is driven much more slowly than the motor shaft. 
All the worms and gears are entirely enclosed in a metal case. 

14. Interrupter. 

The power-driven interrupter is a device for furnishing interrupted current to some of the circuits 
in machine switching offices. It consists of spring assemblies in which contacts are made and broken 
by a reciprocating bar, actuated by a roller mounted on it which rides on the periphery of a revolving 
cam. 

Figure No. 16 shows two interrupters mounted on a frame, the upper one directly geared to the 
sequence switch drive shaft and the lower one by a right angle geared countershaft unit used to reduce 
the operating speed. 

The interrupter has a cast iron frame with a double bearing bracket on one end, in which a spindle 
carrying the gear and cam assembly is free to revolve. Each frame has a capacity for 30 sets of springs, 
15 sets above and 15 sets below the reciprocating bar, but may be equipped with any number from one 
to 30 as required. The spring assemblies consist of two spring pileups mounted on U-shaped brackets 
and are affixed to the frames by means of screws. These spring assemblies straddle a number of insulated 
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studs mounted in rows on opposite sides of the reciprocating bar so that their contacts make or break 
as this bar moves back and forth. 

16. Rotary Switch. 

Figure No. 17 shows the assembly of the step-by-step rotary switch used in machine switching 
offices. Brushes or wipers are mounted on a shaft which, when rotated, causes them to wipe over rows 
of terminals mounted radially in a semi-circular mounting which is concentric with the shaft. These 
terminals, known as the multiple bank, extend through the mounting, the projections upon the inner 
surface providing wiping contacts for the brushes and those on the outer surface forming soldering lugs 
for the wiring. The multiple bank has a capacity for six rows or arcs of 23 terminals each. The first 
of the 23 sets of terminals is used for terminating a circuit to the brushes and each terminal consists 
of two flat metal springs which extend to the brush mounting shaft where they spread out so that each 
spring rests on the slip ring portion of the corresponding brush spring, thus establishing a circuit to 
the brushes. 

The contact brush for each arc of terminals consists of two flat metal strips so formed that each 
spring rests on the opposite side of the same terminal when in the contact position. At the mounting 
shaft these brush springs are so formed as to provide the slip rings used for establishing the circuit to 
the brushes. 

On the brush shaft there is a ratchet wheel with teeth cuttings corresponding to the spacing of the 
multiple bank terminals, that is, when the ratchet is advanced one step the brushes move from one set 
of terminals to the next. A stepping magnet is provided, and attached to its armature is a spring pawl 
which engages the ratchet. Each time the magnet operates the pawl is advanced one step and when 
the magnet armature falls back the ratchet is advanced one step. The magnet is provided with a set 
of contact springs so that it may be wired to make it self-interrupting like a buzzer. 

The stepping magnet and the brushes are assembled on a common base separate from the mounting 
for the multiple bank. This base is fastened to the multiple bank mounting by two machine screws. 
This arrangement makes the brushes and magnet readily removable from the multiple bank for main¬ 
tenance and shipping purposes and also makes it possible to provide multiple bank space without the 
initial expense of the magnets and brushes which can be added when required. 

Switches of the rotary type are used as line switches, sender-selectors and for registers in the sender 
circuits. When used as a line switch four arcs of terminals are provided, one each for the tip, ring, 
sleeve, and test conductors of the line circuits and two arcs of strap terminals for signaling and operating 
circuits. When used in other circuits than line circuits six arcs of individual terminals are provided. 



Section IV 

Frames for Originating and Outgoing Traffic 

1. Types of Frames. 

In a full-mechanical exchange the various types of frames may be divided into two general groups 
on a basis of whether they are used in connection with originating and outgoing traffic or incoming 
traffic. The group of frames which handle originating and outgoing traffic will be described in this 
section and are as follows: 

Line switch frames 
Line-finder frames 
District frames 
Office frames 
Sender-selector frames 
Sender frames 
Translater frames 

2. Line Switch Frames (See Paragraph 1.86 of Section I). 

In full-mechanical power-driven exchanges where rotary step-by-step line switches are used there 
is associated with, each subscriber’s line, a line and cut-off relay and a rotary step-by-step line switch. 
These line switches and associated relays are mounted on a unit framework consisting of three suitably 
shaped horizontal iron bars which are secured at each end to a short vertical “E” bar upright. Each 
of these units has a capacity for 20 line switches with their associated apparatus and wiring. They 
are mounted one above the other on a line switch frame which is constructed of I-beams in an arrange¬ 
ment similar to that used for relay racks in manual offices. As many units may be provided per bay 
of line switch frame as the ceiling height permits. The standard arrangement consists of a frame with 
a capacity of nine units, containing 9X20 or 180 line switches. 

Figure No. 1 shows the assembly, equipment and wiring arrangement of a line switch unit. The 
line switches are mounted 20 in a row on the shelf. Directly below these switches are 20 mounting 
plates on which are mounted the 20 associated line and cut-off relays, condensers and resistances. The 
banks of all the switches on one shelf are multipled together and to terminal strips at each end of the 
unit as shown in Figure No. 1, using a “slip” arrangement to distribute the load evenly over the groups 
of district selector trunks. The wiring from the line and cut-off relays and the line switch rotor magnet 
is also terminated on a third terminal strip located on the right end of each unit. 

The above outlined arrangement permits of the line switches and associated apparatus being 
mounted on the shelves in the factory before shipment. This effects a very considerable saving, in that 
installation time is shortened and the work is performed where it can be done with the greatest economy. 
The installer mounts the wired and equipped units on the line switch frames, runs in the necessary 
switchboard cables from the district selector frames and intermediate distributing frame and solders 
these cables to the terminal strips on the shelves as required. 

The battery required for operating the line switches is fed through lavite resistances, which on 
account of the heat generated are mounted on a separate framework called a “resistance rack.” This 
rack is similar to the relay rack used in manual offices. The resistances are mounted on 20 per strip 
mounting plates and each bay of rack has a capacity for mounting the resistances required by six line 
switch frames. The battery leads to these resistances are fused by means of alarm type fuses, located 
on unit type panels, which are mounted on the bottom of the resistance rack. 
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3. Line-Finder Frames. 

3.1 Line-Finder Operation. 

In exchanges where line-finder equipment is used, each subscriber’s line terminates on a set of mul¬ 
tiple terminals in a multiple bank on a line-finder frame before power-driven line-finders, instead of 
on the brushes of an individual line switch. Each line-finder is linked with a stepper switch type sender- 
selector and a power-driven district selector. When a subscriber removes his receiver from the switch- 
hook a circuit is completed through the telephone instrument and the line relay at the central office. 
The operation of the line relay actuates the starting circuit of the line-finder and also places a battery 
condition on the multiple bank “hunt” terminal of the associated line and causes an idle line-finder 
to move upwards hunting for that terminal. When the contacts of the finder brush reach this “wet” 
hunt terminal, the driving circuit of the finder is opened and the finder is stopped with its brushes in 
contact with the terminals of the calling line. The line is at this stage connected through to a district 
selector and a sender-selector. 

3.2 General Features of Line-Finder Frames—Apparatus. 

The line-finder multiple banks, finder mechanisms and their associated apparatus are mounted 
on an iron framework of the same general design as the typical selector frame described in connection 
with Figure No. 1 of Section III. Each unit of framework has a capacity for mounting 15 multiple 
banks, one above the other, and for 56 or 60 selectors, together with the associated driving mechanisms, 
relays, resistances, etc. The subscriber’s line and cut-off relays are mounted on relay bays located at 
the ends of the line-finder frame, each bay having a capacity for the relays of 300 lines. 

Line-finder frames are designed for the following arrangement of finders: 

60 finders serving 300 lines 
40 finders serving 300 lines 
28 finders serving 300 lines 

The requirement of the line-finder frames of varying capacities is due to the fact that the calling 
rates and conversation holding times per busy hour of groups of 300 lines vary greatly, depend¬ 
ing upon whether these lines are in use in business or residence areas. Thus, in residence areas where 
the service requirements are rather light, 28 finders can answer all calls originated during the busy hour. 
In small business, or mixed business and residence areas, 40 finders are ample. In heavy business, hotel 
or theatre areas, 60 finders per 300 lines are required. In business areas where the traffic is extremely 
heavy, such as the New York financial area, it has been found necessary to increase the ratio of finders 
to lines even further, this being done by using 60-finder capacity frames, reducing the number of lines 
on each frame from 300 to some lesser figure such as 280, 260 or 240 as required. 

The equipment arrangements used in obtaining these various frame capacities are described in 
the following: 

Figure No. 2 shows plan views of the various combinations made of line-finder frames and their 
associated relay racks in order to meet traffic requirements as outlined above. Sketch No. 1 of this 
figure shows a line-finder frame where 60 line-finders in one group serve 300 subscribers’ lines. The 
line relay rack is located to the right of the line-finder frame. Sketch No. 2 shows a line-finder frame 
on which the line-finders are split into two groups of 28 each, serving 600 subscribers’ lines in two groups 
of 300 each. The fine relay racks are located at each end of the line-finder frames. Sketch No. 3 shows 
two line-finder frames and four line relay racks which serve 1200 subscribers’ lines by four groups of 
line-finders, each group containing 28 finders. Sketch No. 4 shows two line-finder frames and three 
line relay racks serving 900 subscribers’ lines by three groups of line-finders, each group containing 40 
finders. 

Figure No. 3 shows a 60-finder capacity line-finder frame, with multiple banks for terminating 
300 subscribers lines, and the associated relay rack on which the line and cut-off relays for the 300 lines 
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are mounted. This figure should be studied in detail in conjunction with the following descriptions, 
noting the arrangements and locations of all component parts, and also the local and switchboard cabling 
arrangements used. 

Multiple Bank Arrangements. —Each multiple bank is of a construction similar to the multiple bank 
described in Section III except that it consists of only 20 sets of four terminals each. The four termi¬ 
nals are called “tip,” “ring,” “sleeve,” and “hunt,” the hunt terminal as previously described being 
used to set up a circuit condition which will cause a line-finder that is hunting for a particular set of 
terminals to stop on that set of terminals. 

A smaller bank is used on the line-finder frame in order that the time required to find a line originat¬ 
ing a call may be as short as possible. This is desirable since a sender must become associated with the 
line during the interval between the removal of the receiver and the first dial interruption. The maxi¬ 
mum travel of a line-finder brush is accordingly over 20 sets of terminals spaced on one-sixth inch centers 
instead of over 100 terminals spaced on one-eighth inch centers as in the case of selector frames. 

Fifteen multiple banks provide a capacity for 300 sets of terminals per frame. However, by split¬ 
ting the banks, that is, cutting the strips on a vertical line, the line capacity of the frame may be increased 
above 300 terminals. Three arrangements of multiple banks are provided as follows: 

Line capacity of 300 terminals per frame with each line multipled before 60 line-finders. 

Line capacity of 900 terminals per each two frames with each line multipled before 
40 line-finders. Multiple banks are split on a vertical line so located that 40 
line-finders are on one side of the split and 20 on the other. 

Line capacity of 600 terminals per frame, each line multipled before 28 selectors. 

Multiple banks are split on a vertical line at the center. 

To further reduce the time required to find a line originating a call each multiple bank is arranged 
so that the 20 lines terminating on one set of multiple terminals will be exposed to one half of the line- 
finders in the reverse order to that in which they are exposed to the other half. 

Sketch 1 on Figure No. 4 shows the arrangement of a multiple bank for a frame with a capacity 
for 300 subscribed lines. The brass strips are cut in the middle and separated horizontally to permit 
space for local wiring to reverse their positions in the two halves of the multiple. Before the first half 
of the line-finders the lines number from 0 to 19 up from the bottom, and before the second half from 
0 to 19 down from the top. The line-finders having access to 20 lines are thus divided into two equal 
sub-groups, the first hunting over the lines in sequence from 0 to 19, the second in sequence from 19 to 0. 
The circuits are so arranged that if a call is originated on any one of the lines numbered from 0 to 9, 
one of the line-finders in the first sub-group will normally be used. If the call is originated on one of 
the lines numbered from 10 to 19, a line-finder in the second sub-group will normally be used. However, 
if all the line-finders of one sub-group are busy, a line-finder in the other sub-group will be used to find 
the calling line whether it be numbered above or below nine. The average hunt of a multiple brush 
in finding a line without this reversing arrangement would be over 10 sets of terminals, but with the 
reversal this average hunt is reduced to something greater than five sets of terminals. 

Sketch 2 of Figure No. 4 shows the arrangement of the multiple banks where two frames provide 
a capacity for 900 subscribers' lines. Each multiple bank of the first frame is split between the termi¬ 
nals 39 and 41, thus forming two sets of terminals insulated from each other. The terminals at the left 
of the split, when facing the front of the frame, are multipled before 40 line-finders and constitute 
the multiple for 20 subscribers' lines. The terminals at the right of the split are multipled before 20 
line-finders and are cabled to the multiple terminals on the adjacent frame which are multipled before 
20 additional line-finders, thus forming a complete multiple for another 20 subscribers' lines. The 
remaining terminals on the bank of the second frame are multipled before 40 line-finders of that frame 
and constitute a multiple for still another 20 subscribers' lines. The brass strips are also cut between 
lugs 19 and 21 of the first frame and between lugs 39 and 41 of the second frame and sufficient space 
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is provided for reversing the multiple before the two halves of the 40 line-finders having access to them. 
The reversal between the two halves of the multiple appearing upon separate frames is made in the 
cable connecting them. 

Sketch 3 of Figure No. 4 shows the arrangement of a multiple bank for a frame having a capacity 
for 600 subscribers , fines. Each bank is split at the center so that two complete multiples for 20 fines 
each are provided. At the center of each of these multiples the brass terminal strips are cut and sufficient 
space is provided for reversing the multiple before the two halves of the line-finders having access to 
them. Space is provided in the bank for two multiple reversal forms instead of one as in the case of 
Sketches 1 and 2. To provide this space without increasing the length of the multiple bank and 
the line-finder frame, it is necessary to omit two line-finders on each side of the frame, thus reducing 
the line-finder capacity from 60 to 56. Each line will accordingly be multipled before 28 line-finders. 

At the top of each multiple bank is a “comb.” This comb is made up of several of the brass termi¬ 
nal strips, corresponding to “hunt” terminal strips, laid together without insulation, but insulated 
from all other terminals and the frame. Its function is to establish a circuit to return the line-finder 
to normal if, because of a circuit failure or the abandoning of the call by the subscriber, the multiple 
brush should pass beyond the terminals of the fine that originated a call and continue to hunt until it 
passes the terminals of the top fine. In this position the hunting spring of the multiple brush makes 
contact with the comb terminal and the line-finder returns to normal. 

Multiple Brushes. —The line-finder brushes are of the same general type as described for panel-type 
selectors in Section III. All multiple brushes are made with four contact springs. The two center 
springs of the brushes used on selectors are sleeve springs, one spring wiping over each edge of the sleeve 
terminals of the multiple banks. On brushes used on line-finders one center spring makes contact with 
the sleeve terminals of the multiple banks and the other with the “hunt” terminals. The brushes are 
tripped in a different manner on the line-finder frame than on selector frames and consequently the 
tripping trigger is of different shape. 

A fine-finder brush is provided for each multiple bank, all 15 brushes being connected in multiple. 
Accordingly, it is necessary to move the brush support over a distance corresponding to the height of 
but one multiple bank in order to bring all of the terminals of the 300 fines terminating on a frame within 
reach of one of the 15 brushes. 

Brush Supports. —The 15 multiple brushes of a line-finder are attached to a hollow metal rod mounted 
vertically before the multiple banks. To the bottom of this rod is fastened a rack and to the top is 
fastened a set of commutator brushes. The rod, the multiple brushes, the commutator brushes, and 
the rack are known collectively as the brush support. One-half of the brush supports are mounted on 
each side of the multiple banks. The brush supports are numbered from 1 to 56 or 60. The even 
numbered supports are on one side of the multiple banks and the odd numbered on the other side. The 
numbering is from left to right when facing the brush supports as shown on Figure No. 4. 

The brush support is moved up or down when the rack is pressed against the revolving up or down- 
drive friction rolls by the clutch mechanism and is held in an operated position by a pawl which engages 
with slots in the rack. 

The commutator brushes make contact with the commutator segments as the line-finder moves up 
and down, thus providing means for making connections to the multiple brush springs and to local con¬ 
trol circuits. The wiring from the commutator brushes to multiple brushes is carried inside the hollow 
brush rod. 

Clutch Mechanism. —The clutch mechanism is of the same general type as used on selector frames. 
It consists of one up-drive and one down-drive magnet. Trip rods individual to each selecting mech¬ 
anism are not required and therefore the trip magnet is omitted from the clutch assembly. 

Commutator. —The line-finder commutators are similar in design to the commutators used on selector 
frames. Figure No. 5 is a sketch showing the arrangement of the segments of a line-finder commutator. 
Segment G is connected to ground. The brush that makes contact with the G segment is strapped to the 
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brushes that make contact with segments C, K, X, N and M. Segments marked T, R, S and H provide 
means for making connection to the multiple brush springs. When the line-finder is in normal position 
commutator brushes make contact with segments G and N. If a line-finder should miss the terminals of 
a line that originated a call, or if the calling subscriber should abandon a call after a line-finder had started 
to hunt for the terminals of the line but before it had reached them, it would continue to hunt upward 
until the commutator brushes ran off the N segment and made contact with the X segment, and the 
multiple brush hunting spring made contact with the comb. The connection to the comb establishes a 
circuit to return the line-finder to normal. In case of circuit failure the X segment is used to operate a 
tell-tale alarm. The C segment is called the “centering” segment. Its function is to raise the multiple 
brushes slightly beyond the position where the springs register exactly with the multiple bank terminals 
to allow the pawl of the clutch mechanism to engage the slots in the rack of the brush support. When a 
line-finder brush spring reaches the terminals of a line that has originated a call, a relay operates and 
opens one path of the circuit through the drive clutch magnet. A second path is provided through the 
clutch magnet by means of the C segment of the commutator which is opened when the commutator 
brush breaks contact with the C segments. This occurs when the brush support has been raised 
sufficiently to allow the pawl to engage. 

Tripping Mechanism. —The start circuits of the line-finder are so arranged that when one line-finder 
has started to hunt for a line no other line-finder in the same group can start until the proper brush of 
the first line-finder has been tripped, except in case where two calls are originated simultaneously on 
lines the terminals of which are in the same multiple bank but in different sub-groups as described in 
further detail later. With this arrangement, tripping mechanisms individual to each line-finder brush 
support are unnecessary. Horizontal trip rods are provided for each multiple bank located on both 
sides of the bank somewhat below the bottom terminal strip. Each trip rod located on one side of the 
multiple bank carries a trip finger for each line-finder in the group on the same side of the multiple bank. 
That is, if the frame is arranged for one group of 60 line-finders, one trip rod carrying 30 trip fingers is 
provided on each side of each multiple bank. If the frame is arranged for one group of 40 line-finders 
and a sub-group of 20 line-finders, two trip rods are provided on each side of each multiple bank. One 
rod is equipped with 20 trip fingers and one with 10. If the frame is arranged for two groups of 28 line- 
finders, two trip rods are provided on each side of each multiple bank, each equipped with 14 trip fingers. 

The trip rods extend across the frame in such a way that when revolved by their associated trip mag¬ 
nets all of the trip fingers are placed in position to trip the corresponding brush of any line-finder that 
starts to move upward. Thus, when a subscriber removes his receiver from the switchhook and energizes 
the line relay, the trip magnet of the bank in which the terminals of the line are located, is operated and a 
line-finder is started upward to hunt for these terminals. The trip magnet revolves the trip rod and the 
tripping trigger of the brush in moving upward engages with one of the trip fingers of this rod. As the 
line-finder continues to move upward this brush is tripped so that its springs make contact with the line 
terminals. 

A trip magnet is provided for each trip rod and is mounted on the framework at the end of the mul¬ 
tiple banks. When more than one group of line-finders are provided on the frame, two trip magnets are 
required for each side of each multiple bank, mounted at the opposite ends of the multiple banks. The 
framework is drilled for mounting four trip magnets per multiple bank in all cases. On frames arranged 
for one group of 60 line-finders the trip magnets will be located on the end of the frame nearest the trip 
circuit relays. 

Driving Mechanism. —Motor-driven friction rolls of the same general type as described for selector 
frames are used on the line-finder frames. One up-drive and one down-drive roll is provided on each 
side of each frame. The rolls on the same side of two adjacent frames are driven by one motor and 
the rolls on the opposite side of the same two frames are driven by another, so that the failure of a motor 
will put out of service only one-half of the selecting mechanisms having access to the subscribers* lines 
terminating on the two frames. This arrangement is the same as described in Section III for selector 
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frames. No sequence switches or interrupters are mounted on line-finder frames, and accordingly the 
drive mechanism does not include vertical drive rods. 

Compensator.—Since each brush rod is equipped with 15 multiple brushes, the combined weight of this 
rod and its associated brushes is considerably greater than that of the brush rod and its five associated 
brushes on a selector frame. The inertia of this brush support is therefore greater than that of the 
brush support on a selector frame, and the work required in elevating it is greater. A “compensator” 
is used to help overcome this greater weight in order to elevate the brush support as quickly as possible 
with the least possible expenditure of energy. The compensator consists of a coiled spiral spring one 
end of which is attached to the top of the brush rod by means of a flexible flat strip. The other end 
of the spring is attached to the framework of the frame. When the brush rod is in its normal position 
this spring is under tension. This tension helps to counterbalance the weight of the additional brushes 
and assists in elevating the brush rod when the up magnet is energized. 

3.3 Equipment Arrangement of “40-20” Line-Finder Frame. 

Figure No. 6 shows a more detailed view of the equipment as it is mounted on a line-finder frame. 
The frame shown is arranged for 40 line-finders for each 300 lines, the banks being split between selectors 
39 and 41. The relay rack to the left of the line-finder frame holds the 300 line and cut-off relays asso¬ 
ciated with the lines which are terminated on the left portion of the split bank. The line and cut-off relays 
of the 20 lines terminating in one multiple bank are mounted on one mounting plate together with the 
associated trip circuit relays as shown in Sketch No. 1 of Figure No. 6. The relay rack has a capacity of 
15 mounting plates, one above the other. They are numbered, like the multiple banks, from 0 to 14 
up from the bottom. 

Beneath the bottom plate containing line and cut-off relays is located a plate containing the relays, 
resistances, condensers, etc., of the starting circuit, emergency starting circuit and time measure alarm 
circuit. The arrangement of the apparatus on this plate is shown on Sketch No. 2 of Figure No. 6. One 
such plate is required for each group of line-finders serving 300 subscribers’ lines. 

At the top of the relay rack there is located a plate containing the relays, resistances and condensers 
in the emergency trip circuit. The arrangement of the apparatus is shown in Sketch No. 3 of Figure No. 
6. One such plate is required for each group of 300 subscribers’ lines. Above the mounting plate for 
the emergency trip circuit there is located a mounting plate which contains the lavite resistances required 
in the line circuit. One such resistance is required for each 10 subscribers’ lines. The arrangement 
of these resistances on the mounting plate is shown in Sketch No. 4 of Figure No. 6. 

The relays and resistances of the line-finder circuits are mounted on the line finder framework to the 
right of the multiple banks. Sketch No. 5 of Figure No. 6 shows the arrangement of the relays and resist¬ 
ances on the mounting plate. One such plate is required for each line-finder. The relays associated with 
the line-finders on the other side of the frame are mounted in a similar bay at the right of the multiple 
banks as seen when facing that side of the frame. 

Seven rotary switches, No. 200 type selectors, are required for each group of line-finders serving 300 
lines. These switches are mounted at the bottom of the relay rack as shown. Three of these switches 
are part of the regular start circuit and three are part of the emergency start circuit. The switch marked 
“TA” is part of the time alarm circuit which operates an alarm in case the trip circuit is not released 
within a certain interval of time after the operation of the line relay. These switches are similar to the 
rotary switch described in Section III. 

Emergency Equipment. —One emergency trip circuit is provided for each group of 300 lines and is so 
arranged that it can be used in place of any one of the 15 regular trip circuits. Each plate of line and 
cut-off relays has an emergency trip circuit jack located as shown in Sketch No. 1 of Figure No. 6. By 
moving a plug from one set of springs in this jack to another set of springs, the regular trip circuit is 
disconnected and the emergency circuit connected. 
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An emergency starting circuit is also provided for each group of line-finders serving 300 lines. A jack 
is provided on the mounting plate of the starting circuit relays. By removing the plug from one set of 
springs of this jack and inserting it in another set, the emergency circuit is connected in place of the regular 
circuit. 

Line-Finder Local Cabling. —The various pieces of apparatus located on the frame are connected together 
by a local cable which is made in the factory on a forming board. The cable is laid out to scale on this 
board and individual wires with colored insulation as specified on the circuit drawing are run in as required. 
After all the necessary wires have been run the form is securely sewed with waxed linen twine over its entire 
length. The form is then bent into shape, mounted on the frame and soldered to the apparatus. Leads 
that must connect with switchboard cables are terminated on terminal strips which are mounted on the 
framework of the frame. Figure No. 3 shows the local wiring for the line-finders located on the rear of the 
frame. The bay of relay rack shown on the left side of the multiple banks in this figure contains the 
mounting plates on which the rela} r s associated with the line-finders on the rear of the frame are located. 
Therefore, the wiring side of these mounting plates is shown in the drawing. The heavy vertical black line 
on the left of this bay represents the main arm of the local cable and the small tapering horizontal lines run¬ 
ning off the main arm at the position of each relay mounting plate, represent the arms running to the ap¬ 
paratus on each mounting plate. At the top of the frame the local cable is shown running to the position 
of the commutators and also to the terminal strips. At the bottom of the frame an arm is taken off for 
the jack box and another arm for the clutches. Another local cable is used for wiring the line-finders on 
the front of the frame. 

Switchboard Cabling Arrangements. —The trunks from line-finders to district selectors are cabled from 
the terminal strips located at the top of the bays containing the line-finder relays to terminal strips on the 
district selector frame. They are cabled five circuits per cable, trunks from odd numbered line-finders 
being cabled to odd numbered district selectors and from even numbered line-finders to even numbered 
district selectors. 

The T.R.S. and M. leads in the local cable which is furnished for wiring each multiple bank and asso¬ 
ciated line and cut-off relays are terminated on a terminal strip mounted on the line relay rack opposite 
each mounting plate containing the line and cut-off relays, and from there are extended, by means of 
switchboard cable, as shown in Figure No. 3, to the vertical side of the intermediate distributing frame, 
one cable containing 20 circuits being run from each terminal strip. 

4. District Selector Frames. 

Figure No. 7 shows a detailed view of the construction and equipment arrangement of a typical dis¬ 
trict frame. This view should be carefully studied, noting the location and relative arrangement of the 
component parts, the drive arrangement and the local and switchboard cabling. This frame is of typical 
selector frame construction, agreeing in design with the typical frame described in Section III in conjunc¬ 
tion with Figure No. 1 of that section. It has the regular 60-selector capacity double-sided central 
unit containing the banks, drive and selector mechanisms with relay bay wings containing the sequence 
switches and their associated sets of relay equipment. 

The district selectors are the other end of a link circuit with the line-finders, their function being to 
select trunks to the exchange area destinations. (See Figure No. 1 of Section II and the associated 
description.) 

The repeating coils which form a part of the district selector circuit are mounted on coil racks of the 
type used in manual offices. Connections are made to these coils by running switchboard cable from the 
terminal strips on the district frame to the coils on the coil rack. Talking battery is fed to the repeating 
coils from fuses on the coil rack fuse panel, w hich lines up with the coil rack. (See typical floor plans of 
Section VIII.) 

Particular attention should be given to the cabling provisions made on district frames for changing 
the trunk grouping arrangements. (See Paragraph 1.1 of Section II.) District frames are spaced five 
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inches apart at their ends in order to provide space for a row of 100 circuit terminal strips on the ends 
of each selector frame upon which the bank wiring may be terminated, and to provide space for slip 
multiple cables which are used as trunk cross-connections between these terminal strips. Figure No. 
8 is a view taken between two adjacent selector frames showing the terminal strips on which the multiple 
bank local cables and jumper cables are terminated. The terminal strips shown are associated with the 
banks on the frame to the left. The terminal strips associated with the banks on the right hand frame are 
mounted on the rear of that frame and therefore cannot be seen. The slip between the layers of 10 trunks 
of adjacent frames is made in these jumper cables, using 10 circuit cables and employing “fanned” forms. 

The multiple banks are permanently wired to terminal strips by means of local forms in order that 
the wiring on these banks will not have to be disturbed whenever it becomes necessary to rearrange the 
grouping of the district multiple. This is desirable in order that no risk may be incurred of damaging the 
bank soldering lugs, since should the lugs at each end of one of these terminal strips be broken, it would be 
necessary to replace the entire bank. 

In all except quite small two-digit offices the district trunks are cabled to the vertical side of a so- 
called “district distributing frame” for the purpose of providing a flexible means of cross-connecting the 
district bank trunk group divisions to office selectors, to local incoming selectors, to inter-office trunks 
through the medium of “main frame tie lines” and to desk and other miscellaneous destinations. (Compare 
the schematic exchange layouts shown in Figures No. 5 and No. 6 of Section II). The use of such 
a distributing frame simplifies the problems of cabling very materially since the codes of cables that 
lend themselves for use with multiple bank arrangements do not suit selector arrangements. Direct 
cabling between the banks and selectors of different types of frames is resorted to only in the case of smaller 
offices where the expense of such a distributing frame v/ould not be justified. The district distributing 
frame used is of standard manual intermediate distributing frame construction. 

5. Office Selector Frames. 

When the number and size of the groups of outgoing trunks are such that the capacity of the district 
multiple banks is exceeded, office frames are used. (See discussion of this in Section II.) 

Figure No. 9 shows a detailed view of the construction and equipment arrangement of a typical office 
frame and is of the typical selector frame construction shown in Figure No. 1 of Section III. It has 
the regular 60-selector capacity double-sided central unit containing the banks, drives and selector 
mechanisms, with relay bay wings containing the sequence switches and associated relays. 

Particular note should be made of the small relay bay required on the office frame, and of the use of 
one vertical mounting plate for the relay equipments of five selector circuits, this being an apparatus 
economy which was made possible by the veiy small relay requirement of the office selector circuit. 

Office frames in the same line are spaced five inches apart to provide space for the same arrangement 
of multiple bank terminal strips and slip multiple cables described in connection with the district frames. 

The office multiple is cabled directly to the main frame for cross-eonnection to outside trunk cable 
pairs in practically all offices both large and small. Occasionally, however, in the case of installations 
where the main frame is in the basement or on the first floor and the office frames and trouble desk are 
located on one of the upper floors, say the fourth or the fifth, a so-called “office distributing frame” of 
standard manual I.D.F. construction is furnished. Upon this is terminated the three-wire cabling from 
the office multiple, the multiple being extended to the main distributing frame from the office distributing 
frame in two-wire tie cable. The office distributing frame is located in proximity to the office frames, 
thus economizing in the amount of three-wire cable required and also near the trouble desk to economize 
in the cable for three-wire circuits run to this desk for test and “make-busy” purposes in connection with 
tests on all inter-office trunk pairs. Without an office distributing frame the following cabling for each 
outgoing trunk circuit would be required: 

Three-wire from office multiple to M.D.F. 

Three-wire from M.D.F. to trouble desk. 
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With an office distributing frame, the following more economical arrangement per circuit would be ob¬ 
tained : 

Three-wire from office multiple to O.D.F. 

Two-wire from O.D.F. to M.D.F. 

Three-wire from O.D.F. to trouble desk. 

The third or “sleeve” lead is merely required to terminate in the trouble desk to provide means for making 
“busy” the trunk under test. In the case of no office distributing frame it will be noted that this sleeve 
had to run to the M.D.F. merely to find a “doubling-up” point to reach the trouble desk. 

On some installations the district and office distributing frames are combined into one frame, this 
combination distributing frame being called the “district-office distributing frame” (D.O.D.F.). 

6. District Sender-Selector Frames. 

Each district selector circuit has a sender-selector associated with it. The function of this sender- 
selector is to find an idle sender and attach it to the calling subscriber’s line to register the dialed call. It 
consists of a step-by-step rotary switch, the brushes of which are connected to a district selector. The 
banks of the sender-selector switches each contain 22 sets of terminals to which a group of 22 senders is 
connected. These 22 senders are made common to a certain number of sender-selectors, depending upon 
the traffic requirement, by multipling the banks together. The sender-selector switches are mounted 
in units of 20, similar to the line switch units shown in Figure No. 1, except that there is no requirement for 
mounting relays. Twelve such units containing 240 switches are placed one above the other, as shown in 
Figure No. 10, to make up the capacity of a standard district sender-selector frame. One district sender- 
selector frame thus serves the 240 selectors of four district frames, and, in accordance with this arrange¬ 
ment, is usually closely associated with the district frames in the floor plan layout, one district sender- 
selector frame lining up with four district frames. 

Figure No. 10 shows a front plan and end view of a sender-selector frame equipped with 12 units. 
The plan view shows how the selector banks on each unit are multipled together and how the multiple 
wiring is terminated on a terminal strip at the end of each unit. The selectors are mounted in the factory 
and the multiple wiring between the banks and the terminal strip is made up and soldered to the appara¬ 
tus before shipment. 

In order to reduce the average distance over which the brushes of the selectors on each unit will have 
to travel in order to find an idle sender, the multiple wiring between selectors 10 and 11 of each unit of 20 
switches, is reversed, that is, sets of terminals 1 to 22 on bank No. 10 are connected, by means of this mul¬ 
tiple wiring, to sets of terminals 22 to 1 respectively on bank No. 11. 

The cabling from the district selector circuits to the brushes of the sender-selectors is brought in on 
the left end of the frame as shown, two 10-circuit cables being run to each shelf, one coming from 10 odd 
numbered district selectors on the front of a district frame and the other from 10 even numbered circuits 
on the rear of the district frame. 

Senders are usually arranged in groups of 22, each group serving a definite number of district selectors 
as determined by the traffic requirements. This means that several units of 20 sender-selectors each may 
be assigned to a group of 22 senders. The sender-selector units of any one group are multipled together 
by means of cables run between the terminal strips shown at the right end of each unit. 

Sketch No. 1 in Figure No. 11 shows a typical arrangement of the bank cabling. The terminal strips 
are shown mounted to the right of each unit for the sake of clearness. In this Sketch, 22 senders are shown 
cabled to a group of 220 sender-selectors, mounted in 11 unit rows of 20. The cables incoming from the 
senders are terminated as shown on the terminal strip in the middle of the group in order that the group¬ 
ing may be rearranged if necessary without changing these cables. 

The banks on the other 10 units in this group are connected to these senders by means of short multiple 
local cables which are run between the terminal strips. In order to make the distribution of the senders 
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over the sender-selectors of a group as nearly random as possible a slip arrangement known as the “Latin 
Square” is used in multipling between the different rows of the sender-selectors of the group. Sketch 
No. 2 of Figure No. 11 shows how the circuits are slipped when the short multiple local cable is made up 
in accordance with this Latin Square. Each circle represents a row of six terminals on a terminal strip and 
each line represents six leads running between terminal strips from the various rows of each strip. The 
multiple cable between adjacent units is always the same as shown by this sketch. 

To facilitate the wiring and the tracing of connections the terminals strips on the sender-selector 
frame are numbered as shown in Sketch No. 1 of Figure No. 11. The terminal strip on which the cables 
incoming from the sender frame terminate is always numbered one. The rows of terminals on each termi¬ 
nal strip are also numbered from 1 to 22, the bottom row of terminals being No. 1. Assuming that the 
22 senders which are terminated on terminal strip No. 1 were numbered 1 to 22, then we would have 
senders No. 1 to No. 22 appearing on terminal rows No. 1 to No. 22 on terminal strip No. 1. Since the 
multiple cable between adjacent terminal strips is made in accordance with the Latin Square, sender 
circuits No. 1 to No. 22 will not appear in regular order on the adjacent terminal strips. Sketch No. 3 
of Figure No. 11 shows how the slip distributes the senders on each terminal strip. The column on the 
left of this table gives the numbering of the rows of terminals on each terminal strip. The horizontal 
row at the top of the table gives the number of the terminal strip and the number in any square below a 
terminal strip number is the number of the sender connected to that terminal strip on the row of termi¬ 
nals as indicated in the column on the left. For example, sender circuit No. 2 appears on terminal row 
No. 2 on terminal strip No. 1; on terminal strip No. 2 sender circuit No. 2 appears on terminal row No. 
4; on terminal strip No. 3 it appears on terminal row No. 8; on terminal strip No. 8 it appears on termi¬ 
nal row No. 3, etc. Considering the same thing in another manner, the number opposite terminal row 
15 and under terminal strip No. 6 is 17. This indicates that sender No. 17 is connected to this row of 
terminals on that particular terminal strip. 

It is very often necessary for a trouble man to trace a connection either towards the district selector or 
towards the sender, so some means must be provided for determining the number of the sender which has 
been selected by any one particular sender-selector switch. The table shown in Sketch No. 4 of Figure 
No. 11 is made from the table shown in Sketch No. 3 of Figure No. 11 for this purpose. In this table the 
sender which has been selected can be determined from the indicator reading of the sender-selector switch. 
The column on the left of this table gives the numbers of the sender circuits and the numbers opposite 
these sender circuit numbers represent the indicator reading of the switches for the various shelves when 
connected to the senders as indicated in the left-hand column. Since there is a slip cable between the 
tenth and eleventh bank of each sender-selector unit it is evident that the indicator reading for any par¬ 
ticular sender circuit on the left-hand 10 switches will be different from that on the 10 right hand switches. 
Two columns of indicator readings must therefore be prepared for each selector shelf. The column 
designated L and “R represent the indicator readings for the 10 left and right hand switches on the 
unit indicated by the number at the top of these two columns. 

The table shown in Sketch No. 4 of Figure No. 11 is compiled as follows: The reading on the indi¬ 
cator of a sender-selector switch represents the number of the set of bank terminals to which its brushes 
aie connected. For the right hand set of 10 switches the indicator reading also represents the terminal 
row number to which the connected set of multiple terminals are wired. Therefore, referring to Sketch 
No. 3 of Figure No. 11, the terminal row numbers given in the left hand column also represent the indi¬ 
cator readings when the brushes are connected to sender circuits, the numbers of which are given in the 
squares opposite the terminal row numbers. For example, what would the indicator reading be on one 
of the 10 right hand switches on shelf No. 4 when connected to sender No. 15? Starting at the top of 
the column on Sketch No. 3, for shelf No. 4, glance down this column until the square containing the num¬ 
ber 15 is found. The indicator reading will be the number shown to the left of this square in the column 
headed “terminal strip row number”. This number is 5, which is shown in Sketch No. 4 opposite sender 
number 15 and under the “R” column for shelf No. 4. All the other indicator numbers in the “R” col¬ 
umns, for shelves No. 1 to No. 11 can be determined in a similar manner. The numbers in the left hand 
columns can be determined by subtracting the indicator number in the “R” column from the number 23. 
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The information given in the table shown by Sketch No. 4 is transferred to long narrow cards, each 
card containing the number of the sender selected for any indicator sitting for one particular shelf of 
sender-selectors. These cards are then placed in designation strips (shown in Figure No. 10), opposite 
each shelf where they may be easily referred to by the maintenance men. 

7. Subscribers’ Sender Frames. 

7.1 Functions of the Sender. 

The principal functions of the sender are: 

To receive and register the impulses dialed by the calling subscriber. 

To translate these impulses from the decimal system as dialed into the registers into 
suitable impulses required for directing the selectors to any desired bank destina¬ 
tion. 

To set up by means of the class registers the circuit conditions required for directing 
the call to the particular class of office or destination in which the called station 
terminates. 

To control the various movements of the selectors. 

To collect the coin on completed calls from coin box stations or to return the coin if the 
call is not completed or is for a station to which free service is given. 

To give a suitable alarm after a predetermined length of time in case the completion 
of a call is held up at any point in its progress. 

To set up a release condition in the sender and the district circuits in case the call is 
abandoned by the calling subscriber during the time the selections are being made. 

To give a signal to the sender monitor at the trouble desk in case the call is held up due 
to improper dialing or failure of the equipment during the time the selections are 
being made. 

7.2 Types of Senders. 

There are two general types of subscribers’ senders, the “two-digit” and the “three-digit”, designed 
for use in the two and three-digit exchange systems described in Paragraph 1.87 of Section I. The main 
difference in the tw T o types is in the means employed for translating the decimal impulses sent into the 
registers for the office code, into the proper pulses for operating the selecting mechanisms. 

In two-digit exchange areas, where the total number of translations to be made by the sender (or in 
other words, the number of designations to which it must direct mechanical selectors) is relatively small, 
comparatively simple translating equipment can be employed. Stepper type power-driven switches are 
used, these being mounted on the sender frame. These switches in pairs have an 88 destination capacity 
of which 84 may be used, 64 designations being dialed by the two-letter code and 20 by a two-digit nu¬ 
merical code. 

In three-digit exchange areas where the sender must provide a capacity for controlling and directing 
trunking to a greater number of designations than can be served by the two-digit sender, a much more 
complicated method of effecting translation of dial registrations is necessary. In the three-digit system 
the translator mechanism becomes a power-driven “translator” selector, having access to a maximum of 
200 multiple bank terminals, the selectors and banks being mounted in a translator frame of 60-selector 
capacity. Motor driven “pulse machines” wired to the bank terminals of the translator frame, as de¬ 
scribed hereafter, furnish pulse combinations which, used in association with the sender register relays, 
permit of making the large number of translations ultimately required in three-digit areas. 

The sender frames of the two and three-digit systems are approximately the same in size, and are of 
5-sender circuit capacity each. The two-digit frame mounts the stepper type power-driven switch trans- 
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lators, sequence switches, relays, and resistances, and the stepper switch registers of five two-digit senders. 
The three-digit frame mounts only the sequence switches, relays, and resistances and stepper switch 
registers of five three-digit senders, the translator mechanisms being placed on a separate translator frame. 

The larger number of relays and stepper switch registers required in the three-digit senders counter¬ 
balance the translator equipment and lesser relay and stepper switch register requirements of the two- 
digit sender to the extent that approximately the same sizes of frames can be used, although these frames 
differ very materially in their equipment arrangement. 

In offices where traffic to *A-B toll 1 destinations is handled on a semi-mechanical basis from the 
mechanical A board, an “A operator’s sender” is used, the frame and equipment arrangements of which 
will be described in Section VI. 

Where the “A-B toll” district multiple is segregated on “A operator’s district” frames, to which 
access may be had by only the “A” operator’s selector equipment, another kind of sender, called a “local 
sender,” is used to provide means for permitting the “A” operator to reach destinations on the regular 
district frames. The local sender frame and its equipment arrangement will be described in Section VI. 

7.3 Two-Digit Sender Frame. 

The framework arrangement of a two-digit sender frame is shown in Figure No. 12. It is a single¬ 
sided frame consisting of four bays. The relays for the five-sender circuits are mounted in the right hand 
bay which is provided with a wooden casing having glass doors. Terminal strips are provided at the 
top of this bay on which all leads requiring cross-connections are terminated. Sequence switches and 
interrupters are mounted in the bay adjacent to the relay bay and the stepper type power-driven trans¬ 
lators are located in the two left hand bays. These two bays have a capacity for 20 selectors on a basis 
of four per sender circuit, affording a capacity for 88 translations, 22 per switch. The rotary step-by-step 
register switches are mounted in five rows at the top of the three left hand bays. The relays, sequence 
switches, power-driven selectors and rotary switches for each sender circuit are grouped together. This 
is done for maintenance purposes, so that the various pieces of apparatus of a circuit may be readily lo¬ 
cated when any one circuit is under test. 

The frame being single-sided, but one local form is provided, the leads outgoing to the district sender- 
selector banks being run to terminal strips at the upper right hand end of the frame. 

Due to the importance of senders in an office, it is almost an invariable rule that not more than 25 
per cent of the senders of a group of 22 senders may be put out of service, due to the stoppage of a drive 
motor. In the use of an arrangement of a double unit drive as shown in Figure No. 13, ten senders 
would be put out of service in case the motor stopped. The 25 per cent requirement is met however by 
arranging the sender groups on the frames in such a manner that frames which are driven in pairs mount 
senders from different groups. Careful study should be made of the drive arrangement shown in Figure 
No. 13 and the corresponding drive shaft arrangement of Figure No. 12. 

The casing used to enclose the sender relays protects them from dust, permits of ready inspection 
through the glass doors and provides ready access to the relays of a sender circuit without the removal 
of mounting plate can covers. 

The translator selector consists of a unit framework, on which are mounted two 22-row semicircular 
banks of the type shown in Figure No. 17 of Section III. It also supports a shaft on which the two stepper 
selector brushes are mounted. At the left end of this shaft is a driven disc, by which the shafts and driv¬ 
ing discs shown in Figure No. 12 drive the stepper brushes. The shaft carries two sets of single-ended 
brushes, the contact ends of one set being mounted 180 degrees from the other so that when one set of 
brushes is passing over the terminals of its bank, the other set is clear of the other bank. Each group of 
selector switches will take care of the translations to 44 different designations. In areas where there are 
more than 44 different designations two sets of these switches are used for each sender. 
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7.4 Three-Digit Sender Frame. 

Figure No. 14 shows the framework and equipment of a three-digit sender frame. The framework 
consists of one bay for mounting sequence switches and two bays for mounting relays and rotary step- 
by-step switches. The sequence switches, interrupters and resistances of five senders are mounted in 
the left hand bay, the sequence switches in each circuit being grouped together. The relays are mounted 
in the middle and right hand bay, and directly above them are five rows of rotary register switches. The 
relays for each circuit are grouped together and each horizontal row of rotary switches represents the 
switches in one circuit. 

Three rows of terminals trips are mounted on the rear of the frame above the relay bay easing to 
terminate leads in the local form which require connections to the translator selectors and sender-selector 
banks, and also those leads from the counting relays and the banks of the rotary switches which require 
cross-connections. 

The relays are enclosed in a wooden casing with glass paneled doors as in the case of the two-digit 
sender frame. 

Not more than 25 per cent of the senders of any group may be out of service due to the failure of one 
motor. Accordingly, when three-digit frames are driven on a double unit basis as shown in Figure 
No. 15, the five senders on each frame are taken from different groups of 22. 

There will be as many three-digit sender frames required on an equipment as the total number of 
senders divided by five. See the arrangement and layout of sender frames as shown on the Germantown 
(Phila.) office floor plan layouts of Section VIII, and also the schematic relation of line-finders, districts, 
district sender-selectors, and senders as shown in Figure No. 6 of Section II. 


7.5 Translator Frames and Pulse Machines. 

7.51 Relation of Sender, Translator and Pulsing Mechanism. 

A reference to Figure No. 6 of Section II will help to make clear the following brief description 
of how the three-digit sender, translator, and pulse machine equipments function: 

On the removal of the receiver from the switchhook by the calling subscriber, a line-finder selector 
“finds” the calling line and the sender-selector associated with the link finds an idle sender, as described 
in Section I. The calling subscriber then dials the three letters and the four digits of the number de¬ 
sired, the seven series of pulses set up by the dial causing seven stepper switch registers to take corre¬ 
sponding settings. The first three stepper switches, which have taken the letter of office code regis¬ 
tration, then direct the translator selector associated with that sender to the terminal level on the trans¬ 
lator frame agreeing with the setting of the sender office registers. On this series of terminals the trans¬ 
lator selector multiple brushes will find pulse conditions which repeat in rapid cycles, the terminals being 
cross-connected to a set of brushes on the drum of an interrupter mechanism called a “pulse machine.” 
There will be as many different combinations of these pulses supplied by the pulse machine to different 
terminal rows on the translator banks as there are destinations to which calls must be routed. It is 
evident, therefore, that if different letter combinations are dialed by the calling subscriber the following 
will occur: 

Different settings will be taken by the office register switches in the sender to agree. 

The translator selector will be directed by these switches to correspondingly different 
terminal levels on the translator banks. 

The translator selector multiple brushes will encounter correspondingly different pulse 
combinations. 

The pulse combination encountered will then carry back through the translator selector into the sender 
register relays where it will operate a combination of relays to agree. If a different pulse combination were 
sent back a correspondingly different relay combination would be operated. 
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This relay combination then directs the district and office selectors to find the group of trunks leading 
to the destination desired. 

The digit settings of the remaining four-stepper switch registers then come into play to (a) direct 
the incoming and final selectors to the station wanted of the 10,000 available, in the case of a mechanical 
office, or (b) to direct the setting up of the number wanted on a relay call-indicator, in the case of a call 
to a manual office. 

7.62 Framework and Equipment of Translator Frame. 

Each translator frame has a capacity for 60 translator selector brush supports, ten 40-line multiple 
banks mounted one above the other, and at the top, one bank containing 60 vertical sets of 57 terminals, 
each set being insulated from the other sets and furnished with individual soldering lugs. The ten 40- 
line multiple banks have a capacity for terminating 200 sets of pulse leads, each set of which gives out a 
different combination of pulses. This means that only 200 translations can be taken care of by one trans¬ 
lator frame and that only 200 different designations can be reached by the use of one frame. 

Six different combinations of pulses are required for each office selection, one set of pulses being re¬ 
quired for each of the following selections: 

District Brush Selection 

District Group Selection. 

Office Brush Selection. 

Office Group Selection. 

Class Selection. 

Talking Selection. 

Six separate leads are therefore required from the pulse machine for the selection of a trunk to any par¬ 
ticular destination. Since the multiple banks are made up of 40 sets of three terminal strips each, two 
multiple banks must be used for terminating the six pulse leads in each set. The first 40 sets of leads are 
wired to the bottom two multiple banks, the second 40 sets to the next two banks, etc., until the entire 
200 sets of leads are taken care of by the five pairs of banks. 

The translator frame consists of a unit similar to the central unit shown for the district selector frame 
in Figure No. 7 of this section. This unit contains the multiple banks and the 60 translator selector 
brush supports, 30 being mounted and driven by separate motors on each side of the frame. Each selector 
brush rod is equipped with 11 brushes, one being furnished for each bank. The brushes in front of the 
pulse banks are tripped in pairs in order to make connections to the six pulse leads appearing on the cor¬ 
responding two multiple banks. The top brush which moves over the terminals of the 57-point bank 
located at the top of the frame sets up circuit conditions which cause the other brushes to stop on the 
proper set of pulse terminals. The setting of the sender code registers causes ground to be placed on one 
bottom 15 terminals of the 57-point bank. The translator sender-selector brush is started to move up¬ 
ward by the friction roll drives hunting for this grounded terminal, and when it is found, the up-drive is 
stopped and the trip magnet is energized causing the selected pair of pulse brushes to be tripped when the 
up-drive magnet is again energized. Group and trunk hunting is controlled by a ground which is placed 
on one of the top 40 rows of terminals on the 57-point bank. The particular terminal on which the ground 
is placed is determined by the setting of the code registers. 

As previously explained there are 200 sets of pulse leads wired to each translator frame, each set con¬ 
taining six leads. There are therefore six times 200 or 1200 leads wired to the multiple banks of each 
translator frame. These leads carry different combinations of interrupted battery or ground, and in 
order to detect crosses that may occur between leads a small low resistance metal filament lamp is placed 
in each lead. These 1200 lamps are placed in lamp socket mountings and located in a bay similar to a 
relay rack bay located at the right of the translator frame. The lamps will light only when the pulse 
leads become grounded and therefore the lighting of any one of the lamps indicates a trouble on that par¬ 
ticular lead. In large installations where a relatively large number of translator frames are required, 
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there will be two or more pulse leads connected to the same brush of the pulse machine. Each one oi 
these leads is provided with a lamp and should one of the leads become grounded its associated lamp will 
glow and its resistance be materially increased. This will allow sufficient current to flow through the 
other leads to operate the relays of the sender circuit even though the lead in trouble is connected directly 
to ground. 

In order to insure continuous service to each group of trunks served by any one group of senders, not 
more than 25 per cent of the senders in any one group are mounted on any one sender frame. Likewise 
not more than 25 per cent of the translator selector circuits associated with any one group of senders are 
located on the same side of a translator frame. It is therefore necessary in order to meet this require¬ 
ment to furnish a pair of translator frames initially for each installation. This pair of frames has a ca¬ 
pacity of 120 translator selectors and should the total number of senders exceed 120 an additional pair of 
frames is furnished to take care of the additional translator selectors above 120. The two additional 
frames are mounted alongside of the frames originally furnished, as shown in Figure No. 9 of Section 
VIII, and the pulse banks are multipled together, the one group of lamps furnished with the 
original frame being common to both frames. The rolls on each side of each translator frame are driven 
by separate motors. 

In cases where the number of destinations exceed 200, additional pairs of translator frames and addi¬ 
tional sets of pulse leads are provided to take care of the destinations above 200. 

7.53 Pulse Machines. 

The pulse machine consists of two pairs of motor driven drums designated “A” and “B”, each pair 
being equipped with 40 brushes from which 40 different combinations of interrupted battery or ground 
are obtained, the combinations of pulses from each pair of drums being identical. The brushes of the 
“A” and “B” drums are wired by means of No. 16-gauge B B E leads made up into a power cable through 
a fuse board to the horizontal side of a so-called “translator distributing frame”.of the same design as a 
standard I.D.F., and there terminated on terminal strips. One terminal strip is provided for each of 
these leads. A local cable is furnished for wiring between the pulse banks on the translator frame and 
the lamps in the lamp panel and from there the pulse leads are wired to the vertical side of the translator 
distributing frame by means of regular switchboard cable, at which point they are cross-connected as 
required to the pulse leads from the pulse machine. In order to divide the load and insure continuous 
service the pulse leads from one translator frame are cross-connected to the pulse leads from the A 
drum, while the same leads from the other translator frame are cross-connected to the pulse leads from the 
“B” drum of the pulse machine. To prevent any interruption in service three separate pulse machines 
are provided on each installation, the brushes of which are wired through a three-way switch in such a 
manner that any one of the “A” or “B” drums can be connected to the two sets of 40 leads between the 
pulse machines and the translator distributing frame. 












Section V 

Frames for Incoming Traffic 

1. General Considerations. 

The framework units to be described in this Section are those employed in the machine switching 
office in the handling of incoming calls of the following classes: 

Incoming from local or inter-office full-mechanical. 

Incoming from manual, toll or long distance by means of cordless equipment. 

Incoming from manual, toll or long distance by means of key-indicator equipment or 
dialing equipment. 

These units are: 

Cordless board 
Incoming frame 

“B” sender and sender-selector frame 
Final frame. 

They are associated together in the receiving and proper termination of the various classes of calls in ac¬ 
cordance with the particular requirements of the exchange area in which the machine switching equipment 
is to be placed. 

In areas where calls are trunked from the manual and toll offices to the machine switching office on 
a call-circuit basis (see Figure No. 6 of Section I and its associated description), a single position cordless 
section is used. As many sections are furnished as are required to handle the total incoming cordless 
traffic, the position equipment being an ultimate of 60 key-ended trunks. This board corresponds to 
the trunk board of a manual office and derives its name “cordless” from the fact that its trunks are key- 
ended rather than plug-ended, as in the case of manual trunk boards. 

Assuming that no more new manual exchanges or additions will be placed in an exchange area, the 
initial number of cordless sections required for a machine switching office will be the maximum. Then, 
as the manual exchanges are successively replaced by mechanical exchanges, the cordless sections required 
will decrease in number until only those sections are left which receive toll and long-distance calls. In 
case they in turn should be converted to mechanical operation no cordless sections would be required in 
the ultimate mechanical period. 

In partial key-indicator or dialing areas, where a partial number of the manual offices may be ar¬ 
ranged to operate on a cordless basis, a correspondingly lesser number of cordless positions are required 
at the mechanical office. 

In 100 per cent key-indicator areas, where all manual and the toll incoming calls are sent into the 
mechanical office on a mechanical basis without the aid of an operator at that office, no cordless positions 
are required. The same would apply to a 100 per cent dialing area. (See Figures No. 7 and No. 8 of 
Section I.) 

Incoming trunks of all types w r hether cordless, key-indicator, local or inter-office mechanical, ter¬ 
minate as selectors on 60-selector capacity incoming frames in various arrangements, the number of such 
frames required in any particular office being directly dependent upon the amount of traffic directed to 
the subscribers of that office during the busy hour. (See the schematic exchange layouts, Figures No. 5 
and No. 7 of Section II.) 

It is apparent that when the outlying manual offices of an exchange area which may be operating on 
a cordless or a key-indicator basis with the initial mechanical offices are converted to full-mechanical, 
changes must be made in the types of incoming circuits in the existing mechanical offices. To this end, 
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wherever possible, incoming circuits are always wired universally for future conversions to circuits of 
other types as follows: 

Key-indicator incoming circuits are wired universally with interoffice mechanical incoming circuits. 
Thus on the conversion of a manual office, operating on a key-indicator basis with the existing mechanical 
offices to full-mechanical, the key-indicator incoming frames in the present full-mechanical offices may be 
reused by equipping and connecting the mechanical incoming circuit portion of the universally wired local 
forms of those frames which formerly received calls from that manual office. 

Cordless incoming trunks from manual are occasionally wired universally with either cordless in¬ 
coming circuits from toll or long distance. In cases where incoming frames are to be partially equipped 
with manual and with toll or long distance selector circuits, the frame is wired universally in order to 
provide for future growth of the toll board. 

Cordless incoming circuits are never wired universally with mechanical two-wire trunks owing to 
their dissimilarity. In the case of conversions of manual offices operating on a cordless basis with present 
mechanical offices to full-mechanical, it will thus be necessary to furnish new mechanical incoming frames 
in the present mechanical offices in place of the cordless incoming frames that were receiving calls from 
the manual office prior to its conversion. 

Incoming frames equipped with local mechanical incoming selectors will always be required in a me¬ 
chanical office. Therefore these circuits are not wired for conversion. 

It is impracticable to furnish universal wiring for more than two types of incoming selectors on the 
same frames. 

Whenever two kinds of non-convertible circuits such as cordless and mechanical incoming circuits 
appear on the same frame, and one will increase in number in the future, it is customary to use separate 
local forms on the same frame in order that the other circuits may be removed for replacement without 
disturbing those circuits which will remain and are in service. 

“B sender and sender-selector frames are of three cordless position capacity. They mount the 
trunk-finder and sender-selector equipment of three cordless positions together with six senders of the 
total group of common “B” senders serving all the cordless positions of the office. This frame is thus 
directly affected with the cordless positions in any replacements of cordless operated manual exchanges 
of the area with mechanical exchanges. In partial key-indicator areas, there are required in the mechani¬ 
cal offices a lesser number of these frames in a corresponding^ decreased ratio with the cordless positions. 
In 100 per cent key-indicator areas or in 100 per cent full-mechanical areas there would, of course, be no 
“B ’ sender and sender-selector frames since there would be no cordless positions. 

Final frames of a 60-selector capacity are in most cases furnished on a basis of one frame per “choice” 
of 500 lines. Twenty such frames are furnished for an ultimate unit of 10,000 lines. In the case of low 
calling rate exchanges, one “split” final frame may be used for two choices of 500 lines each. When 60 
selectors are not sufficient to serve any one final choice of 500 lines, halves of split frames are multiplied 
to the choice, thereby increasing the final selector capacity of that choice to 90. (See Figure No. 3 of 
Section II.) Occasionally in heavy trunking offices, two or more full final frames may be multiplied 
together to provide sufficient trunking capacity to a choice. 

2. Cordless Board. 

Figure No. 1 shows the assembly of the cordless section used in machine switching offices. 

Figure No. 2 shows the detailed equipment of the upper and lower inclined keyshelves of this section. 

This is a low one-position section of a desk type. Its general shape and dimensions are determined 
by the type and operating functions of the equipment which it mounts. The keyshelves are sloped at 
the angles shown in order to make the trunk and recording keys as accessible for the operator as possible. 
The upper keyshelf provides capacity for 60 key-ended incoming trunks in two rows. In the lower ke}^- 
shelf is mounted a numerical key set which is connected for recording purposes to any one of the 60 trunks 
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terminating in the upper shelf on the depression of a trunk assignment key. These trunks are assigned 
by the cordless operator to the manual operator on a call circuit basis on receipt of a request from a manual 
“A” operator who wishes to pass a call to a subscriber in the mechanical office. 

The cordless operator’s numerical key set is common to the position, and would, therefore, tie up the 
position in the event that key trouble developed in it. In order to avoid any substantial delay in han¬ 
dling calls due to failure of the “B” operator’s position equipment, there is provided for every ten cordless 
positions one set of emergency numerical keys and one set of emergency key control apparatus. If trouble 
develops in any position key set, it is removed and the emergency set is substituted. This change may 
be accomplished very easily since the key set is designed to lift out of the keyshelf as a unit, the circuit 
connections between the key set and the position wiring being made through the medium of a strip ot 
spring jacks and plugs. 

Each cordless position has as a part of its regular equipment two key-control circuits located on the 
“B” sender and sender-selector frame associated with the position, which are so arranged that they are 
allotted alternately as the operator depresses the trunk assignment keys on successive calls. If trouble 
develops in one of these two key-control circuits, it is cut out of service at the “B ’ sender and sender- 
selector frame and the remaining set will function on every call set up. If this causes any drag on t le 
operating at a busy position or if both key-control sets on a position are in trouble, a key-control circuit 
at an unused or lightly loaded position may be connected to the position in trouble by means of patching 
cords at the “B” sender and sender-selector frame. 

The descriptive notes and designations shown on Figure No. 2 cover in detail the arrangement, num- 
bering and purpose of all the cordless section apparatus. 

Figure No. 3 is a view of the cordless board now in operation at the Waverly (Newark, N. J.) semi¬ 
mechanical office. This is one of the earliest installations of cordless equipment and the section does not 
agree with the present standard section in many details of capacity, arrangement and equipment. The 
view, however, will serve to give an idea of the general appearance of a line of cordless sections as they 
appear in an operating room. 

3. Incoming Selector Frame. 

As described in Section II, the incoming selector frame, in conjunction with the final frame, 
provides facilities for any incoming trunk to reach any one of 10,000 subscribers. This is the pri¬ 
mary function of this frame. Means for ringing the called subscriber are provided as a part of the incom¬ 
ing selector circuit, this corresponding to the provision made for ringing in manual trunk circuits in 100 
per cent trunking areas. 

Figure No. 4 is a view of an incoming selector frame, showing in detail the framework structuie, 
arrangement and location of all apparatus, details of the power drive, and the general course of the local 
cable wiring and switchboard cable. Figure No. 4 should be studied carefully with a view of identifying 
the component parts of the frame, and with a view of determining the operating functions of each part 
and the reasons why these parts are arranged in the manner shown. 

It will be noted that incoming frames as well as the district and office frames described in Section 
IV are of the typical construction shown in Figure No. 1 of Section III, that is, a double-sided central 
unit containing the banks, drives and selector mechanisms, and two wings of a relay rack type of con¬ 
struction, one at each end of the central unit, mounting the sequence switches and their associated 

relay equipments. 

The repeating coils which form a part of incoming selector circuits are mounted on coil racks of 
standard manual construction. The incoming frame selector circuit leads which connect to these coils 
and to the incoming trunk pairs are wired in the local form to terminal strips at the top of the selector 
frame, from which they are carried in switchboard cable to the coils on the coil rack and to the main 
distributing frame. Talking battery is supplied to the incoming circuits at fuse boards of standard 
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manual construction, these fuse boards lining up with their associated coil racks. (See the floor plan 
layouts of Section VIII.) 

The incoming frame construction and arrangement shown in Figure No. 4 is adapted for the mount¬ 
ing of the apparatus of all the various kinds of incoming circuits, that is, local or inter-office mechanical, 
cordless, key-indicator or dialing. These circuits vary in their requirement of relays, resistances and 
number of sequence switch cams, the inter-office circuits using more relays and cams than local circuits, 
since signalling must be accomplished with two-wire instead of three-wire trunks. To take care of this 
condition, the sequence switch bay is designed to take the maximum sized sequence switch arranged for 
24 cams. Cams are furnished to suit the different circuits. The relay bays vary in width to take care 
of the varying relay and resistance requirements of the different incoming circuits in order to economize 
on floor space. This has given rise to a number of different incoming frames which vary only in the 
width of their relay bays. 

The method of cabling incoming to final frames should be noted in Figure No. 4. Two 12-circuit 
cables are run from each choice connecting directly to the incoming bank soldering lugs. One cable con¬ 
nects the odd-numbered terminals of each incoming group to the odd-numbered selectors on the front of 
the corresponding final frame. The other connects the even-numbered terminals to the even-numbered 
selectors on the rear of the corresponding final frame. Since the fronts and rears of the final frames are 
driven by separate motors, the stoppage of any one of these motors will only put out of service 50 per 
cent of the trunks to a final choice. (See Figure No. 3 of Section II, which illustrates this in 
schematic form.) The method of cabling between the banks of adjacent incoming frames in the same 
multiple should be noted in Figure No. 4. Four 25-circuit cables per bank are required between frames, 
the slip being carried out in the connections of these cables to the banks in accordance with Figure No. 4 
of Section II. These multiple cables are carried directly across the rears of the sequence switch and 
relay bars, space being left between each set of five sequence switches and associated relay groups to 
prevent the multiple cables blocking access to the sequence switches and relays for maintenance purposes. 

It should be noted that the 60 key-ended trunks arranged as shown in Figure No. 2 are cabled in 
direct association with their corresponding 60 cordless incoming selectors, with odd and even-numbered 
circuits on the front and rear respectively of the incoming frame. The stoppage of either the front or 
rear incoming frame motor would thus put out of service either the odd or even-numbered incoming 
trunks. The 60 trunks of a position may be incoming from one or more manual offices. In case the posi¬ 
tion served a number of manual offices, say three, the requirements being 20 trunks per office, trunks 
would be assigned in groups of 20, numbered 1-20, 21-40 and 41-60. In the event of an incoming frame 
motor stopping, only one-half of the trunks of a group would be put out of service while the trouble was 
being repaired. The trunk numbering arrangement shown in Figure No. 2 is used in order to keep all the 
trunks of a group together and to permit of overlap with left or right adjacent positions in the handling 
of trunk groups at the left or right of the position. 

4. “B” Sender and Sender-Selector Frame. 

Figure No. 5 is a view of a “B” sender and sender-selector frame, showing in detail the framework 
structure, arrangement and location of all apparatus, details of the power drive, and the general course 
of the local cable wiring and the switchboard cabling. This figure should be studied carefully with a view 
of identifying the component parts of the frame and with a view of determining the operating functions 
of each part and the reasons why these parts are arranged in the manner shown. 

As previously stated this frame serves three cordless positions and accordingly is lined up on floor 
plans with its three associated cordless incoming frames, the sender frame being driven as a double unit 
with the adjacent incoming frame. Such an arrangement is not absolutely necessary however, it being 
sometimes necessary to associate a “B” sender and sender-selector frame with three non-adjacent cordless 
incoming frames scattered among the various lines of incoming frames. 

As its name indicates, this frame mounts the “B” senders, on which are registered the calls set up by 
the cordless operator on the position recording key-set. The frame has a capacity of six senders, the 
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relay equipment being located in a dust-proof cabinet in the upper center, and the sequence switches in 
the wings of the frame. Three senders are located on the front of the frame and three on the rear so that 
in the event of motor stoppage only 50 per cent of the senders on that frame would be put out of service. 

The frame provides a capacity for 18 “link” circuits, six per cordless position. Each link circuit 
consists of a power-driven trunk-finder on one end and a power-driven sender-selector on the other. 
The cordless position trunks terminate on double banks before the trunk-finders, the banks being split 
so as to separate the trunks of the three positions. The left hand pair of blanks is split in the center, 
the first position trunks cabling in at the left and the second position trunks cabling in at the right. This 
arrangement, it will be noted, assigns six trunk-finders each to the first and second positions, three on the 
front and three on the rear for each position. The left ends of the right hand pair of banks are split off 
to serve six trunk-finders, three on the front and three on the rear, and the trunks of the third position 
cable in to these banks at the left. The right end of the right hand pair of banks serves 18 sender- 
selectors, nine on the front and nine on the rear. On each frame its six senders are connected to the 
lower six rows of terminals on the sender banks and so are chosen first by the sender-selectors of that 
frame. All the “B” senders appear on each frame before the sender-selectors of that frame. All the 
“B” senders appear on each frame before the sender-selectors of each positions, being multipled from 
frame to frame and slipped on a basis of six. 

From the above it is apparent that only 50 per cent of the link circuits of any one position will be put 
out of service by a stoppage of a frame motor. 

In the case of certain mechanical equipments an arrangement known as “overlap trunk multiple” 
is provided. This is to provide greater flexibility in adjusting the loads at the trunk positions and con¬ 
sists in multipling the trunk-finder bank terminals corresponding to trunk circuits No. 1 to No. 20 and 
No. 41 to No. 60 to terminals on the trunk-finder banks of the left and right positions respectively. 

The cabling of these circuits is carried through terminal strips so that with the proper strapping of 
certain leads these trunks may be assigned to and operated by the left and right operators if required. 
It will thus be seen that an operator in, say position No. 2, may be assigned trunks No. 41 to No. 60 in 
position No. 1, and trunks No. 1 to No. 20 in position No. 3, in addition to the 60 trunks normally ter¬ 
minating in the second position. Trunks so assigned cannot be operated by the adjacent operators. 

One hundred-point trunk-finder and sender-selector banks are used on equipments provided with the 
overlap feature. Whenever “overlap” is not specified, 65-point trunk-finder banks are provided. Figure 
No. 5 shows the frame equipped with 100-point banks and cabled for the overlap arrangement. 

In the upper part of the sequence switch bay are shown various spring jack and plug assemblies 
which are used for cutting key-control circuits in trouble out of service or for patching in other key-control 
circuits from the same or other frames by means of patching cords. They are also used foi taking out of 
service allotters which may be in trouble. Sender-selectors in trouble may be temporarily removed from 
service by operating the proper lever key in the key box shown at the lower right end of the frame. 

5. Final Frame. 

Figure No. 6 is a view of a final frame showing in detail the framework structure, arrangement and 
location of all apparatus, details of the power drive and the general course of the local cable wiring and 
the switchboard cabling. This figure should be studied in detail with a view of identifying the component 
parts of the frame and with a view of determining the operating functions of each part and the reasons 
why these parts are arranged in the manner shown. 

This frame is of the typical structure shown in Figure No. 1 of Section III, consisting of the charac¬ 
teristic double-sided central unit of 60-selector capacity, thirty on a side, and a wing at either end of the 
central unit mounting the sequence switches and their associated relay equipments. 

Particular note should be made of the drive, in that it provides for a high and a low-speed up-drive in 
addition to the regular down-drive, the additional low-speed drive being supplied for the units selections 
in order to prevent the final commutator sending back impulses faster than the sender counting relays 
could handle them. 











Section VI 

Machine Switching “A” Switchboard and Associated 
Frames and Equipment 

1. Machine Switching “A” Switchboard. 

A machine switching “A” switchboard is furnished in each full-mechanical office for handling the 
following classes of calls: 

Calls for non-working terminals on the final frame. 

Calls for discontinued or changed numbers. 

Calls for stations to which service is intercepted or temporarily transferred. 

Calls from stations at which service is denied for nonpayment of bills. 

Calls for four-party message rate lines. 

Calls to or from rural lines. 

Calls from coin box lines when they are handled on a manual basis. 

Calls to suburban points for which an extra charge is made (A-B toll calls). 

Calls for miscellaneous information. 

Calls from unequipped choices on the incoming frames. 

Calls reporting cut-offs. 

Calls requesting verification for “busy” and “don't answer” reports. 

In offices where the A-B toll traffic is light, one section of switchboard, consisting of three positions, 
is usually sufficient to handle the various classes of calls. In offices where the A-B toll traffic is heavy, as 
many as eight sections, consisting of 24 positions, have been furnished. 

2. Framework. 

A section similar in general design to the standard three-position, 8—8/^-inch panel, No. 92 jack 
subscribers' section for manual offices is used for the machine switching “A” switchboard. Figure 
No. 1 shows the assembly of this section. 

Cable pins, similar to those used in toll switchboard, are used for supporting cabling to the panels 
instead of the multiple shelf furnished in the manual subscribers' section, since the amount of panel cabling 
is considerably less in this switchboard, and since a more satisfactory arrangement of the cables can be 
made by the use of cable pins. 

3. Typical Front Equipment of “A” Switchboard. (See Figure No. 2) 

The following general types of panel equipment are furnished as required: 

Holding jacks. 

Outgoing trunk multiple. 

Answering jacks. 

Checking multiple. 

3.1 Holding Jacks. 

Holding jacks, mounted 10 per strip, are placed as shown in Figure No. 2 directly above the piling 
block. They are used in connection with any “split cord” operation. 

3.2 Outgoing Trunk Multiple. 

Outgoing trunk jacks, which are mounted directly above the holding jacks, are provided as required 
for the following: 

Trunks to various desks. 

Trunks to cordless “B” positions. 
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Trunks to L.D. recording operator. 

Trunks to supervisors. 

Trunks to district selectors. 

Trunks to any office which, with manual cords, is reached on a ringdown or call-circuit 

method. 

The outgoing trunk multiple jacks are provided on a basis of 20 per strip, with an associated designa¬ 
tion strip placed directly above each jack strip. They are multipled every six panels. 

3.3 Answering Jacks. 

Lines over which the various classes of calls come in to the operators are terminated in the panels 
of the switchboard in answering jacks and lamps. These answering jacks, mounted directly above the 
O.G.T. jacks, are provided as required and are arranged as follows: 

Subscribers' line positions. 

Rural lines. 

Four-party message rate lines. 

Coin box lines. 

Incoming trunks for calls from machine switching subscribers to rural lines. 

Intercepting positions. 

Incoming trunks for intercepted operators' code. 

Intercepting trunks. 

Stations denied service for nonpayment of bills. 

Blank final lines. 

Lines for unoccupied incoming choices. 

“B" supervisors' lines. 

Zero operators' positions. 

Incoming dial trunks for zero operators' code. 

A-B toll positions. 

Incoming A-B toll trunks for “A-B" code. 

Certain of the above answering jacks appear only once, while others are multiplied on a seven- 
panel basis in all sections. This condition is due to the requirements of the various classes of lines to 
which the answering jacks are connected. As a general rule the answering jacks which are connected 
to incoming dial trunks on the zero operator and incoming “A-B" toll trunks are multiplied before all 
positions, while the remaining answering jacks appear only before certain operators as will be explained 
later. The answering jacks that are multiplied usually total 20 per strip. They are provided with 
designation strips and are mounted as shown in Figure No. 2 at the bottom of the answering jack space* 
Ten-per-strip answering jacks are usually used when the jacks are not multiplied, since the amount of 
jack equipment is small and the reach to the checking multiple is not made excessive by their use. For 
four-party message rate lines a number plate must be provided for each party line station which makes 
ten-per-strip jacks necessary. 

The assignment of the various classes of lines which are terminated on answering jacks is given in 
the table shown in Figure No. 2. 

3.4 Checking Multiple. 

A special checking multiple consisting of a series of lugs mounted in strips and connected to corre¬ 
spondingly numbered subscribers' sleeve terminals is provided in front of certain operators to enable 
them to check the calling subscriber's number in completing a two-number call on which a charge is 
to be made. The lugs are arranged in mountings called “test strips," each strip, as shown in Figure 
No. 3, containing 100 lugs in five rows of 20 each. In order to facilitate the selection of any particular 
lug, the test strip is provided with white “spotting" between each five lugs and a horizontal slot is cut 
in the mounting in line with each horizontal row of lugs. To separate the groups of 100 lines the top* 



MACHINE SWITCHING “A” SWITCHBOARD 


65 


edge of each strip is grooved and filled with white enamel. The lugs are made of small brass rods which 
extend to the rear of the mounting, as shown in Figure No. 3, where they are arranged for connection 
to the multiple checking cables incoming from the line terminals on the intermediate distributing frame. 
The checking multiple test strips are located in the face of the board on an eight-panel basis as shown 
in Figure No. 2, there being capacity in each section for the multiple for two complete units of 10,000 
lines each. A number plate is located on the stile casing at the left of each test strip the same as in the 
case of multiple jacks in manual practice, to designate the group of 100 lines to which the 100 lugs on 
each test strip are connected. 

In offices where there is a relatively small amount of A-B toll traffic the checking multiple is gen¬ 
erally omitted and a number is checked by dialing back the number given to see if a busy tone is received. 

4. Cord Circuits and Keyshelves. 

There are in general two different types of cord circuits used in machine switching “A” switchboards 
as follows: 

Manual cord circuits. 

Semi-mechanical cord circuits. 

4.1 Manual Cord Circuits. 

The manual cord circuits are double-ended, being equipped much the same as a standard manual 
subscribers , cord circuit with the addition of a locking dialing key, which, when operated, associates 
a common position dial with the cord circuit. When positions are equipped with this type of cord 
circuit, dialing jacks which terminate as selectors on regular district frames are provided in front of 
each operator. In case it is desired to set up a connection, the operator plugs into one of these jacks, 
throws the dialing key associated with the cord being used, and dials the number in the same manner as 
a subscriber. A regular subscribers sender, as described in Section IV, receives the impulses and guides 
the call through to its proper destination. 

4.2 Semi-Mechanical Cord Circuits. 

Semi-mechanical cord crcuits are single-ended at the switchboard and terminate as selectors on 
an “A” operator's district selector frame. On keyshelves equipped with this type of cord circuit the 
dial is replaced by a set of routing, code, numerical and start keys. These keys, in conjunction with 
the “A” operator's sender or the “A" operator's and local senders in tandem, are used in establishing 
connections. 

4.3 Manual Keyshelves. 

Where double-ended manual cords are used, a regular manual keyshelf, as shown in Figure No. 4, 
is provided. This keyshelf has a capacity for 17 pairs of cords and 60 call-circuit keys. It is arranged 
for an electric clock, a pegcount key, and for a master ringing key. The dial is mounted, as shown, 
on the right hand side of the keyshelf, and is so arranged that a new dial may be readily substituted for 
one which becomes out of order. 

The cord circuit keys shown on this keyshelf are equipped with coin collect and coin return keys. 
These keys are only furnished when required. 

4.4 Semi-Mechanical Keyshelves. 

The equipment used in connection with semi-mechanical cords is located on a keyshelf of the type 
shown in Figure No. 5. This keyshelf has a capacity for 20 regular semi-mechanical cords, three final 
terminal cords, one busy test cord, and their associated keys and supervisory lamps. The final ter¬ 
minal cords are connected to specially assigned final terminals and are furnished if two-number calls 
are to be completed by the operators at the regular toll board. When a call is received by the “A" 
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operator from a subscriber who desires a two-number toll connection, the “A” operator will secure the 
details of the call from the subscriber by using one of her regular cord circuits. The operator will then 
remove this cord circuit from the calling subscriber’s line and connect a final terminal cord circuit to 
the line. She will then transmit the details of this call and the final terminal number associated with 
the final terminal cord being used to the distant two-number operator over a recording trunk by means 
of an idle regular cord circuit. The distant toll operator, when ready to complete the connection, will 
call for the final terminal number over an L. D. cordless incoming trunk circuit, and will complete the 
connection which will be routed over the cordless selector, the final bank number and the final terminal 
cord circuit to the subscriber. The busy test cord is used to test lines, as the regular cords do not have 
the busy test feature, and is also used as the checking cord at positions where the checking multiple is 
provided. The functions of the various keys associated with the cord circuits are clearly indicated on 
the equipment drawing. The small metal ticket clip is located in front of each monitoring key in order 
that any ticket record may be associated with the cord on which the connection has been set up. 

In addition to the keys associated directly with the cords, each position is provided with certain 
kevboard equipment by means of which connections are established. This equipment is arranged as 
follows: 

Four strips of locking routing keys, one key being required for each group of trunks appearing on 
the district or office multiple to which the operator has access, and which, when depressed, will route the 
call to the proper destination. These keys are marked with the abbreviations of the offices, desks or 
other destinations reached by the associated groups. 

Three strips of locking numerical office code keys are arranged in rows numbered 0 to 9 and lettered 
as shown in Figure No. 5. They represent, respectively from left to right, the hundreds, tens and units 
digits of the code numbers assigned to offices which are not reached by direct groups from the “A” opera¬ 
tor’s district or office multiple. A key in each row must be depressed, in addition to a routing key, in 
order to route the call to the proper tandem or distributing point. 

Five strips of locking numerical keys are used in setting up the numerical part of the called number. 
They represent from left to right respectively, the ten thousands, thousands, hundreds, tens and units 
digits of the called number. The ten thousands keys are used in connection with official numbers which 
are usually made up of five digits. 


One row of locking keys function as “start” keys. A key in this row must be depressed after the 



are used in connection with calls to party line numbers. 


Certain non-locking master keys located in the eighth strip of keys from the left function only 
when the operator is listening in on a cord. 

The ringback keys, designated “P-1,” “P-2,” “P-3” and “P-4,” are used to ring back on the line 
with which the cord is connected, there being one key for each party with four-party line ringing. In 
the case of an exchange area having only two-party ringing, two individual ring back keys are provided 
and a master ringing reverting key, marked “REV” is provided in place of the fourth master linging key. 
This reverting key is used on revertive calls and when depressed will ring the bells of both the called 
and calling subscriber. 

The flashing key, designated “FLASH” is used when it is necessary to flash forward on a connection. 

The return key, designated “RTN” is used to return the deposit on a cord connected with a pre¬ 
payment coin box line. 

The disconnect key “DISC,” when depressed, cuts off the called end of the connection. This key 
is effective at all times after the selection is completed and ringing starts. 

The listening-out key “LO” disconnects the operator’s set from the cord on which she is listening. 

The non-locking pegcount key operates the same as at a manual office. 
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The non-locking supervisor’s signaling key “SR,” located in the right hand strip of keys, lights the 
supervisor’s pilot lamp at the section and rings the associated bell so that the operator may attract the 
attention of the supervisor. 

The non-locking bulletin key “BUL,” also located in the right hand strip of keys, is wired to a spe¬ 
cial bulletin circuit and cuts the operator’s set off the cord to which she is connected. The operator’s 
set is cut in again after the key is released. This key is used by the “A” operator to obtain from the 
“bulletin” operator any necessary information she requires in order to complete calls of a special nature. 

4.5 Combination Keyshelves. 

Certain operators’ positions, as will be described later, are arranged for both manual and semi¬ 
mechanical cord circuits. The keyshelf on which the equipment for both types of cords is mounted, 
and which is called a combination position, is shown in Figure No. 6. This keyshelf, as shown, has a 
capacity of seven manual cords and 15 semi-mechanical, or twelve semi-mechanical and three final 
terminal cords. No dial is used on this position in connection with the manual cords as all connections 
are set up by means of the semi-mechanical cords. 

The combination keyshelf is made in two parts as shown in Figure No. 6, and a separate local cable 
is furnished for the equipment mounted in each part. This is necessary due to the large amount of appar¬ 
atus located on the keyshelf. 

4.6 Plane of Keyshelves on Switchboard. 

In switchboards where all of the cord circuits are of the manual type the keyshelves are mounted 
horizontally, the same as in a standard manual switchboard. Where semi-mechanical cords are used, 
the plane of the keyshelf is inclined or sloped towards the operator to facilitate easier operation of the 
recording keys. In switchboards where both manual and semi-mechanical keyshelves are used, both 
types are inclined in order that all the keyshelves may line up properly. 

5. Full-Mechanical “A” Switchboard Position Types. 

The four following types of positions are required in a full-mechanical “A” switchboard in order to 
handle the various classes of traffic: 

Subscribers’ line positions. 

Intercepting positions. 

Zero operators’ positions. 

A-B toll positions. 

5.1 Subscribers’ Line Positions. 

Subscribers’ line positions are furnished for handling calls from: 

Four party message rate lines. 

Rural lines. 

Coin box lines. 

Rural lines cannot be handled on a machine switching basis, since there are usually a large number 
of stations per line which require code ringing. They must also be operated on a magneto basis in most 
cases, due to the length of the lines. These lines are therefore terminated in the “A” switchboard in 
the same manner as in manual offices. Terminal equipment, consisting of drops and jacks, or lamps 
and jacks, is provided in the answering jack space of the switchboard. 

Where the number of coin box lines in a machine switching office is small, it is often more economical 
to terminate them at the “A” switchboard and have the operator complete the call and collect or refund 
the money as required, than to put in the necessary machine switching equipment for collecting or re¬ 
turning the coin automatically. In such cases these lines are terminated in answering jacks and lamps 
in the “A” switchboard as in manual practice. 
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The anwering jacks for the above three classes of lines are terminated in panels at the head of the 
“A" switchboard, as the growth of such lines is usually slow. As many subscribers' line positions as 
are required are furnished to handle the traffic. 

Manual cord circuits are used at the positions which handle the rural lines, while manual or semi¬ 
mechanical cords, depending upon the traffic requirements, are used at the positions which handle the 
calls incoming from the four-party message rate or coin box lines. It is necessary to use manual cords 
at the rural positions in order that connections can be established between different rural lines. The 
other two classes of lines are cross-connected to the final multiple and therefore calls for these lines can 
be completed to them by means of the semi-mechanical or dialing cords. Calls are completed by the 
operator over dialing jacks or by means of her register keys as described in Paragraphs 4.1 and 4.2. 
Trunks for handling calls from machine switching subscribers to rural lines terminate in answering jacks 
before the subscribers' line positions. Calls over these trunks are completed manually. 

5.2 Intercepting Positions. 

Intercepting positions are equipped to handle the following types of calls: 

Calls for non-working terminals. 

Calls for stations to which service is being intercepted or temporarily disconnected. 

Calls from stations at which service is denied for nonpayment of bills. 

Calls reporting “cut-offs." 

Calls requesting verification for “busy" and “don't answer" reports. 

It is veiy essential that some means be provided for bringing calls for non-working terminals to the 
attention of an operator, since, should a calling subscriber become connected to one of these terminals, 
it would be due to an error in dialing or a fault in the mechanical selections. These non-working termi¬ 
nals appear as blank lines on the final frames, or as unequipped choices on the incoming frames in cases 
where the exchange is not fully equipped with 10,000 terminals. The blank final lines are cross-connected 
at the I. D. F. to the “A" switchboard answering jacks, a large number of these lines being connected 
to one answering jack. The unequipped choices on the incoming frames are multiplied together at the 
first frame and regular slip multiple cable is installed between each choice on all the frames. A switch¬ 
board cable is then run from as many sets of terminals as are required on the top choice to the I. D. F. 
and is there cross-connected to answering jacks in the “A" switchboard. 

The answering jacks appearing in front of the intercepting operator are cross-connected at the 
I. D. F., as desired, to the final selector frame terminals of any line to which service is intercepted or 
temporarily transferred. 

Where outward service is denied on account of nonpayment, the subscribers' lines are cross-connected 
at the I. D. F. to the intercepting operators' answering jacks, which replace the full-mechanical line 
switches or terminals on the line-finder frame. The call from such a line will, therefore, be answered 
by the intercepting operator. In cases where inward service is denied, a second group of answering 
jacks is connected to the final terminals as in the case of intercepted service. Certain other answering 
jacks appearing in front of the intercepting operator are cross-connected to specified terminals on a final 
frame. Reports will be received over these lines from a desk or special operator attempting to re-establish 
a connection when a subscriber has been cut off on a call; also when a subscriber doubts a “busy" or a 
“don't answer" condition and asks that it be verified. 

A number of the outgoing trunks are connected to trunks at the cordless “B" position and are 
used by the intercepting operator as call-circuit trunks for completing any calls to stations in the local 
office. These trunks are arranged so that by depressing a “no test" key located in the cordless “B" 
switchboard, the final selector will disregard the busy test and connect the intercepting operator to 
the called line even though it is in use, thus permitting her to verify busy reports. 

Testing equipment for making voltmeter tests on subscribers' lines is usually provided in one of 
the intercepted positions. The voltmeter is located in the face of the switchboard as shown in Figure 
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No. 2 and the cord and associated key are located in the position of the first manual cord circuit, this 
cord circuit being omitted. 

Manual cords are usually used at intercepting positions although under some conditions, as will 
be described later, combination keyshelves equipped with both manual and semi-mechanical cords are 
used. 

5.3. Zero Operators* Positions. 

Zero operators* positions are provided in the “A” switchboard for handling calls from subscribers 
unfamiliar with the full-mechanical system. 

Multiple answering jacks in the face of the “A” board are cross-connected to multiple terminals 
on the district or office frames, and when a subscriber dials the zero operator’s code, which is usually 
“0”, he is connected to one of these answering jacks. 

Keyshelves equipped with manual or semi-mechanical cords, or both, are provided for the zero 
operator, the type of circuit furnished being dependent upon the traffic requirements, as will be described 
later. When manual cords are used dialing jacks are provided before the zero operator’s position for 
use in completing calls. 

5.4. A-B Toll Positions. 

A-B toll positions are provided at the “A” board for handling calls to suburban points. These 
calls involve ticketing and extra charges. 

A group of trunks is provided from the district or office selector multiple to the A-B toll operator. 
These trunks are cross-connected to multipled answering jacks which appear in front of the A-B toll 
operators and to which a subscriber is connected when he dials the A-B toll operator’s code. The A-B 
toll operator answers the call, receives the order in the regular way and completes the call by means 
of her cord equipment. 

A checking multiple, as previously described in this section, is usually provided before the A-B 
operators in order to permit them to check the number of the calling subscriber. The check of a calling 
number is made by touching the tip 1 of the checking plug, provided at each position, to the lug corre¬ 
sponding to the number given by the calling subscriber and noting w r hether the checking tone is heard 
on the line from the district or office frame. 

Either manual or semi-manual cords are used depending upon the traffic conditions, as will be 
explained later. 

At each A-B toll position, when semi-mechanical cords are used, a strip of 10 jacks, as shown in 
Figure No. 2, is provided for grounding and holding circuits. Jacks 0, 2, 4, and 6 in these strips are 
usually wired as holding jacks and jacks 8 and 9 as grounding jacks. Answering jack number plates, 
marked respectively “H” and “G” are provided for designating these jacks. The holding jacks are 
used in connection with split cord operation. 

The grounding jacks are for the use of maintenance men to permit them to place a busy test on 
lines which are out of order. 

6. Manual Cords Versus Semi-Mechanical Cords. 

The type of cord equipment provided for the “manual,” “intercepting,” “dial 0” and “A-B toll” 
positions is determined to a large extent by the percentage of calls which the operators have to com¬ 
plete. The manual cords are relatively inexpensive, as compared with the semi-mechanical cords which 
are equipped on the calling end with district selectors working in conjunction with special sender equip¬ 
ment. If the operator is handling calls originating on lines which terminate in answering jacks at the 
“A” positions, practically all the calls are completed to numbers in the local area and semi-mechanical 
cords will nearly always be justified for these positions. Of the calls dialed to the zero operator only 
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a small percentage will be completed by the operator answering them, and unless the question of team 
work controls, manual cords are furnished for the zero operator’s positions. 

Practically all the calls answered by the A-B toll operator are completed. Whether manual or 
semi-mechanical cords are provided for these positions depends largely on the character of the equip¬ 
ment found in the terminating offices. If these offices are of the full-mechanical type, or if they can 
be economically equipped with call-indicator trunks, it is desirable to provide semi-mechanical cords 
at the A-B toll positions. If the terminating offices, however, are of types other than No. 1 manual, 
or if for any reason it seems undesirable to provide them with call-indicator trunks, it is more desirable 
to provide manual type cord circuits for these positions. 

In certain cases positions with both types of cords are desirable and a combination keyshelf is 
provided. In general the combination position is used under the following conditions: 

For team work at the position between positions having manual cords and positions 
having semi-mechanical cords. 

For team work, all positions are equipped with combination keyshelves where the 
use of semi-mechanical cords is justified for A-B toll or local traffic and where 
the total number of special positions does not exceed four. 

Where the A-B toll or local traffic is divided between offices reached through mechani¬ 
cal apparatus or call-indicator positions, and offices reached over call-circuit or 
ring-down trunks containing phantom trunks or telegraph circuits. This case 
assumes that a sufficient proportion of the originating traffic is for offices of a 
type justifying the installation of semi-mechanical cords, and that the remaining 
traffic is too large to justify handling it all through a tandem position. 

At incoming ring-down (subscribers’) positions in full-mechanical offices, where the 
traffic is switched to full-mechanical trunks, call-indicator trunks, ring-down 
trunks or call-circuit trunks. 

7. Supervisors’ Equipment. 

Supervisors’ equipment is provided in the “A” board of a machine switching office on the same 
basis as at the ‘‘A” board in a manual office. Each supervisor’s division covers nine operators’ posi¬ 
tions. Each division is provided with a circuit which is wired to receiver jacks mounted in the key¬ 
board rail of the switchboard at the middle position of each section in the division. This circuit is 
connected to a terminal on one of the final frames for receiving incoming calls when the supervisor’s 
number is dialed. In order that the supervisor may be quickly reached by other “A” supervisors or 
that she may make outgoing calls or be connected with the called subscriber, the circuit is also con¬ 
nected to an outgoing trunk multiple and to an answering jack. Each circuit is also provided with 
a cord at the middle position of each section which enables the supervisor to test any answering jack 
that the cord will reach, ring on the line and talk to the subscriber. 

A white pilot lamp mounted near the top of the multiple space in each section indicates the par¬ 
ticular section at which the supervisor’s attention is required. This pilot lights when the supervisor’s 
key is depressed by an “A” operator, provided the supervisor’s circuit is not busy. A red pilot lamp 
is provided for each division to indicate that the supervisor’s attention is desired, but not at a particular 
“A” position. This pilot lights when the supervisor is called by some one other than the “A” operator. 

8. District Selector Circuit for Dialing Position. 

When the keyshelves of the full-mechanical “A” switchboard are equipped with manual cords 
arranged for dialing, calls are set up, as previously described, over “A” switchboard dialing selector 
circuits which terminate in jacks in the face of the switchboard. The selecting mechanisms are located 
on a regular district selector frame the same as described in Section IV, and in cases where the ultimate 
number of these circuits is less than the capacity of a district frame, the remainder of the frame is wired 
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and equipped with regular subscribers’ district selector circuits. A sender-selector circuit, consisting 
of a rotary step-by-step switch, is wired to each of these district circuits and functions the same as the 
subscribers’ sender-selector circuit. These sender-selector switches are mounted on the subscribers’ 
sender-selector frames described in Section IV and their banks are multipled together and connected 
to regular subscribers’ sender circuits. In cases where only a few “A” position dialing selector circuits 
are required to handle the “A” board traffic, the banks of their associated sender-selector switches are 
multipled to the banks of sender-selector switches associated with subscribers’ district selector circuits, 
and the group of senders connected to these banks is common to both types of district selector circuits. 
In order to provide against individual motor failure and the subsequent interruption in service, one- 
half of the dialing district selectors are located on the front of the district frames and the remainder 
on the rear. Assuming that all of the selectors were mounted in this manner on one frame, the failure 
of the motor driving the cork rolls on the front of the frame would put out of service the odd-numbered 
circuits, while the failure of the motor on the rear of the frame would put out of service the even-numbered 
circuits. 

9. Semi-Mechanical “A” Position District Selector and “A” Position Sender Equipment. 

As previously explained, the single-ended semi-mechanical cords used at the “A” switchboard are 
terminated on selector circuits called semi-mechanical “A” position district selector circuits. These 
selector circuits are mounted on so-called “A” operators’ district selector frames which are of the same 
construction and capacity as the district selector frame described in Section IV. 

When the “A” board operator plugs one of the cords into an answering jack, a link circuit which 
consists of a cord-finder and a, sender-selector, causes an idle “A” operators’ sender to become asso¬ 
ciated with that cord at the selector frame on which the cord is terminated. This sender receives and 
records on its register relays, the number set up by the “A” operator on her recording keys, and guides 
the call through the various selecting mechanisms to its proper destination. 

The district multiple of the “A” operators’ district frames is separate from that on the regular 
subscribers’ district frames and is usually connected to trunks outgoing to suburban points or to tandem 
offices. In order that the “A” operator may complete calls to destinations which appear on the sub¬ 
scribers’ district or office multiple, a group of trunks is wired from the “A” operator’s district multiple 
to the so-called '‘local district” selector circuits which are mounted on a regular subscribers’ district 
frame. A sender-selector circuit is associated with each one of these local district selectors, the function 
of which is to connect a local sender to the local district circuit. The schematic exchange layout shown 
in Figure No. 6 of Section II shows the arrangement of district frames and senders as outlined above 
and should be carefully studied, particular attention being paid to the destinations of the trunks outgoing 
from the subscribers’ district or office multiple and the “A” operator’s district multiple respectively. 

When the semi-mechanical “A” operator sets up a call to a destination to which there are direct 
trunks from the "A” operator’s district frame multiple, only the "A” sender is required to establish 
the connection. Should the call have to be routed through the subscriber’s district or office multiple 
both the "A” operators and local senders are required to establish the connection. A local connection 
through the subscriber’s district or office multiple is set up as follows: 

The “A” sender records the call as set up by the "A” operator on her recording keys. 

This sender then causes the associated “A” operator’s district selector circuit 
to select a trunk in the “A” operator’s district frame multiple which terminates 
in a “local” district selector circuit. The sender-selector associated with this 
local selector causes a local sender to become associated with it. This local 
sender then responds to impulses sent out by the “A” sender and its register relays 
take settings corresponding to those of the associated “A” sender circuit, which 
is disconnected after the impulses have been recorded by the local sender. The 
local sender then guides the local call through to its proper destination. 
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9.1 Framework and Equipment “A” Operator’s District Frame. 

The “A” operator’s district selector frame is of the same construction as the subscriber’s district 
frame described in Section IV and has a capacity of 60 selector circuits. Each frame is equipped with 
five 100-point banks, the terminals of which are cabled to the D. D. F. in the same manner as the mul¬ 
tiple banks on the subscribers’ district frames. At the D. D. F., the trunks are cross-connected to tie 
trunks to the M. D. F. or to local district selector circuits as required. At the M. D. F., the tie trunks 
are cross-connected to the trunks outgoing to suburban points. 

Since each semi-mechanical keyshelf has a capacity for 20 semi-mechanical cords, one “A” opera¬ 
tor’s district frame is furnished for each three positions equipped with that type of cord circuits. 


9.2 Framework and Equipment “A” Position Sender and Sender-Selector Frame. 

Two “A” senders are furnished for each “A” position equipped with semi-mechanical cords and 
are connected to the cord circuits by means of a cord-finder and sender-selector link circuit. 

The cord-finder consists essentially of a step-by-step rotary switch to the bank of which leads are 
run from the 20 selector circuits associated with the 20 cords of any one position. The sender-selector 
circuit also consists essentially of a step-by-step rotary switch to the bank of which the senders are wired. 
As each bank consists of 22 sets of terminals the “A” senders are assigned in groups of 22 in the same 
manner as the subscribers’ senders. When an “A” operator answers a call an allotter circuit associated 
with the position selects a link circuit and the cord-finder selector switch in the link circuit immediately 
starts hunting for the cord which was used to answer the call and at the same time the sender-selector 
circuit starts hunting for an idle sender. The selector-sender is then ready to record the call set up by 
the operator on her recording keys, and to guide the call through to its proper destination. 

The “A” operator’s recording keys are released immediately after the “A” sender starts to function 
and the link circuit is released along with the sender after the call has been set up. In order that the 
operator may be free to set up calls one after the other without having to wait for a link circuit to be 
released, four link circuits are furnished for each operator’s position and an allotter circuit, one of which 
is furnished for each operator’s position, allots these link circuits in regular order. 

In order to economize in wiring and to locate all apparatus common to a position closely together, 
the apparatus in the link circuits and senders is mounted on the same framework, called the “A” operator’s 
sender and sender-selector frame. As many of the various circuits as are required for three switchboard 
positions are located on each of these frames. Each frame is located adjacent to the “A” district frame 
serving the same three positions. The capacity of each “A” sender and sender-selector frame is as 
follows: 


6—“A” Sender Circuits 
12—Link Circuits 
3—Allotter Circuits 


(two per position) 
(four per position) 
(one per position) 


The floor plan drawing shown in Figure No. 4 of Section VIII shows a typical layout of two “A” 
position district frames and associated “A” sender and sender-selector frames. In this figure the two 
district frames are designated “D-7” and “D-8,” while the “A” sender and sender-selector frames are 
designated “A. S. and S. S.-l” and “A. S. and S. S.-2.” 

The “A” position sender and sender-selector frame consists of five bays of relay rack type con¬ 
struction, three bays facing in one direction and two in the other. The frame is so constructed that 
one set of three bays lines up with the front or rear of the adjacent selector frame. The other set of 
two bays lines up with the rear or front of the same selector frame. Referring again to Figure No. 4 
of Section VIII, the long rectangle shown in the sketch representing AS and SS frame No. 1, represents 
a set of three bays, while the shorter rectangle represents the set of two bays. The apparatus for four 
sender, eight link, and two allotter circuits, which are the number of circuits required for two “A” 
positions, is mounted in the set of three bays, while the apparatus required for two sender, four link and 
one allotter circuits, which are the number of circuits required by the third “A” position, is mounted 



MACHINE SWITCHING “A” SWITCHBOARD 


73 


in the set of two bays. The three-bay side of the frame is usually referred to as the two-position side, 
while the tw T o-bay side is referred to as the single-position side. 

The sequence switches and power-driven translator stepper switches mounted on the front and 
rear of the frame are driven by the motors furnished for driving the front and rear of each adjacent 
“A” operator’s district selector frame. On the two-position side of the frame the apparatus is mounted 
as follows: 

The power-driven step-by-step type translator switches are mounted in the lower 
portion of the right hand bay while the step-by-step rotary switches and lavite 
resistances are mounted in the upper part of the bay. 

The sequence switches are mounted in the lower portions of the middle and left hand 
bay and the relays are mounted in the upper portion of these two bays. 

The apparatus is mounted on the single position side of the bay as follows: 

Power-driven step-by-step translator switches at the bottom of the right hand bay 
and step-by-step rotary switches and lavite resistances in the upper portion of 
the same bay. 

The sequence switches and relays are mounted in the lower and upper portion respec¬ 
tively of the left hand bay. 

Terminal strips are provided on both the front and rear sides of the frame for terminating the leads 
in the local cable which require connections to the district selector circuit and also for terminating other 
leads in the sender circuits which require cross-connections. 

The selector circuits for each operator’s position and the associated link circuits are so located on 
the “A” district and “A” sender and sender-selector frames that the failure of any one motor will not 
put adjacent positions out of service. 

10. Framework and Equipment Local Sender Frame. 

The local sender frame is of the same general design as the three-digit sender frame described in 
Section IV, except that it has a capacity for mounting the apparatus of six sender circuits. It consists 
of three bays of relay rack type construction in which are mounted the sequence switches, interrupters 
relays, resistances and step-by-step switches of the six sender circuits. The sequence switches, inter¬ 
rupters and resistances are mounted in the left hand bay while the relays and step-by-step switches 
are mounted in the other two bays. 

The total number of translations that have to be made by the “A” sender circuit is equal to the 
total number of groups of trunks outgoing from the “A” operator’s district multiple. This number of 
translations is usually small and can be taken care of by the power-driven stepper type translator switch. 
The local sender circuit, however, will have to make as many translations as the subscriber’s sender, 
consequently the power-driven stepper type translator cannot be used in connection with this sender. 
For the local sender, translations are made through the medium of a translator-selector circuit in the 
same manner as for the subscriber’s senders, the translator-selectors required being mounted on the 
translator-selector frames provided for the regular subscriber’s senders. 

The sender-selector circuit which is associated with each local district circuit is similar to the sender- 
selector circuit associated with each subscriber’s district selector circuit. The step-by-step rotary 
switches of these sender-selector circuits are mounted on a regular subscriber’s sender-selector frame 
as described in Section IV. 



















Section VII 

Miscellaneous Frames and Desks 

1. Miscellaneous Frames and Desks. 

This section of Equipment Notes will cover the miscellaneous frames and desks which are required 
for the following purposes: 

Maintenance and clearing of trouble. 

Trouble desk. 

Chief switchman’s desk. 

Switchmen’s desk. 

Local test desk. 

Repair clerk’s desk. 

Desk sender frame. 

Alarm system to give automatic indication of trouble and irregular operation. 

Floor alarm boards. 

Power alarm cabinet. 

Supervision of operators. 

Chief operator’s desk. 

Assistant chief operator’s desk. 

Automatic registration and check of traffic. 

Traffic register rack. 

2. Trouble Desk. 

The trouble desk is the trouble headquarters for machine switching equipment. At this desk appear 
the alarms and signals provided to indicate troubles of various sorts affecting the machine switching 
apparatus, and also jack equipment for testing and making busy outgoing inter-office trunks. The 
traffic force reports to this point any equipment trouble, and the maintenance people any outgoing trunk 
which must be taken out of service. Two types of positions are furnished at each desk to handle these 
reports; “sender-monitor” positions at which all equipment troubles are tested out; and “outgoing 
trunk” positions at which the outgoing trunks are tested. The alarm equipment is located in the face 
of the board before the sender-monitor operator, while the outgoing trunk test and make-busy jacks 
appear in the face of the board before the outgoing trunk test operator. The keyshelves of the positions 
are provided with talking and testing cord equipment which will be described later. 

For exchange areas where the trunking requirements are small, one section consisting of one sender- 
monitor and one outgoing trunk test position is usually sufficient to accommodate the alarm and outgoing 
trunk equipment. In areas where the trunking requirements are large, two sections are required. In 
buildings which house two or three separate full-mechanical exchange units all the alarm, test and make- 
busy jack equipment for all the units is usually located in one line-up of trouble desk. In such cases as. 
many as six sections, containing two or three sender-monitors and nine or ten outgoing trunk test positions 
will have to be furnished in the ultimate period. 

2.1 Section Assembly. 

The section assembly of the trouble desk is similar to that of the machine switching “A” board 
illustrated in Figure No. 1 of Section VI except that it is arranged for seven 10J4-i n ch panels and two 
operators’ positions per section. Cable pins are provided for bringing in the switchboard cables to the 
panel equipment, as a more satisfactory arrangement of the various sized cables used in cabling the: 
equipment can be made by the use of pins. 
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2.2 Face Equipment. 

Figure No. 1 shows the face equipment of a trouble desk in which equipment is laid out for an ulti¬ 
mate of three full-mechanical units which will ultimately be located in the same building with the desk. 
Equipment is shown for the first unit only, while wiring is provided for the ultimate sender-alarm equip¬ 
ment of three units, it being assumed that only the first unit is at present installed. Positions No. 1 and 
No. 2 are sender-monitor and No. 3 and No. 4 are outgoing trunk test positions. 

The following equipment is provided in panels No. 1 to No. 8 in front of the sender-monitor operators. 

Cordless sender-alarms. 

A operator’s sender-alarms. 

Local sender-alarms. 

Subscribers coin sender-alarms. 

Subscribers non-coin sender-alarms. 

Permanent signal holding trunks. 

Test and plugging up lines. 

Master-alarm pilots. 

Key-ended talking lines. 

2.21 Cordless, “A” Operators’ and Local Sender-Alarms. 

Each of the above circuits are represented as shown in Panel No. 1, Figure No. 1 by the following 
apparatus: 

A designation strip. 

A make-busy jack. 

A lamp. 

The insertion of a make-busy plug in the make-busy jack will remove from service the sender to 
which the jack is wired. The lamp provides a means of indicating the progress of the operation of the 
sender and at what stage of its operation some abnormal condition or trouble has intervened to inter¬ 
fere with further progress. 

2.22 Subscribers’ Coin and Non-Coin Sender-Alarms. 

Each subscriber’s sender is represented as shown in Panels No. 4, No. 5 and No. 6 of Figure No. 1 
by the following apparatus: 

A designation strip. 

A test jack. 

A make-busy jack. 

A lamp (white cap). 

A lamp (red cap) (on coin senders only). 

The make-busy jack provides a means for removing the sender from service under the following con¬ 
ditions: If only one set of pulses have been registered, it restores the sender to normal and causes the 
associated district selector to become connected to one of a special group of terminals called permanent 
signal trunks; or, if the progress of the sender is blocked due to incomplete dialing, it frees the subscriber s 
line and restores the sender and all other selectors in the connection to normal; or if the progress of the 
sender is blocked because of trouble, it frees the subscriber’s line in the majority of cases and restores 
the sender and district selector to normal in the majority of cases if selection beyond the district selector 
has not taken place. 

The test jack provides a means for obtaining access to the tip and ring conductors of the subscriber s 
line attached to sender. 

The lamps provide a means for indicating that the normal operation of the sender is held up. For 
all irregularities, except coin, these lamps become lighted only after an interval of time, varying from a 
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minimum of one-half minute to a maximum of one minute, has been measured off. This length of time 
is sufficient to permit normal operation to be completed. For coin irregularities the red lamp is lighted 
immediately and the white lamp after an interval not exceeding four seconds. These lamps burn steady, 
flash or flicker depending upon the nature of the trouble. 

2.23 Permanent Signal Holding Trunks. 

Each permanent signal holding trunk is represented as shown in Panels No. 7 and No. 8 of Figure 
No. 1 by the following: 

A designation strip. 

An answering jack. 

A lamp. 

A disconnect key (non-locking). 

When a subscriber leaves the receiver of his telephone off its hook, or when his line is grounded or 
short-circuited, the sender-alarm lamp in the trouble desk, associated with the sender attached to the 
subscribers line, will light in such a manner as to indicate a permanent signal. The permanent signal¬ 
holding trunks afford a means for holding subscribed lines that have a permanent signal for a period of 
eight or ten minutes during which the howler is to be applied, and for identifying the particular district 
selector, as a first step in identifying the particular subscriber's line. A group of these trunks extend 
from the district frame multiple to the apparatus in the trouble desk, there being three trunks individual 
to each frame and two trunks common to a group of four or less frames in a row. 

When a lamp burns in a sender-alarm circuit in such a manner as to indicate a permanent signal, 
the sender-monitor operator plugs into the associated make-busy jack of that circuit. This operation 
primes the sender and causes one of the brushes of the attached district selector circuit to hunt for an 
idle permanent signal trunk. When one of these trunks is selected the sender circuit will be released 
and the lamp in the holding trunk circuit will be lighted. 

The answering jacks of the permanent signal-holding trunks afford a means for talking or applying 
the howler on the line, and the disconnect key a means for disconnecting the district selector circuit 
after the call has been traced or the line has become clear of trouble. 

2.24 Permanent Signal Overflow Circuits. 

The overflow circuit of the group of trunks used as permanent signal trunks is wired to a message 
register located on the traffic register rack and to a lamp and non-locking key located at the trouble 
desk, as shown in the piling rails of Panels No. 7 and No. 8 of Figure No. 1. The overflow terminals 
of all the district frames are multipled together, one register, lamp and key being furnished, as shown 
in the piling block for each exchange unit. The lamp lights whenever one overflow terminal is seized 
by a district selector circuit and indicates to the operator that all the permanent signal trunks in a cer¬ 
tain group of frames are busy. The non-locking key is provided in association with the lamp for extin¬ 
guishing it each time it is lighted. 

2.25 Test and Plugging-Up Lines. 

Each tost and plugging-up line is represented in the trouble desk as shown in Panels No. 2 and No. 3 
of Figure No. 1 by the following apparatus: 

A designation strip 
A lamp (green cap) 

An answering jack 
A lamp (white cap) 

A test jack 
A key (locking) 
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The test and plugging-up lines afford a means for intercepting service on subscriber's lines out of 
order for the following reasons: 

Receivers off the hook 
Short circuits 
Grounds 
Opens 

They are also used for testing the subscribers' lines outside of the office. The circuits are cabled 
from the trouble desk to the main distributing frame, where they are terminated in jack boxes which 
are multiplied at intervals along the frame. Connections are made to the subscribers' lines by means 
of patching cords, which are arranged with plugs on each end, one plug being inserted into the jackbox 
and the other in between the protector springs after the heat coils have been removed. 

The circuit has two paths, one path connecting the final multiple to the answering jack at the trouble 
desk and the other path connecting the outside line to the test jack at the trouble desk. The former 
is used for intercepting service, the latter for testing. The lamp with a white cap is associated with 
the former jack and the non-locking key, and lamps with green and red caps are associated with the 
latter jack. The lamp with the white cap is lighted whenever the subscriber whose line is “up" on 
the plugging-up circuit is called, the lamp being lighted through the operation of a ring-up relay. The 
lamp with a green cap is lighted whenever a patching cord is connected to the jacks at the M. D. F. 
jack boxes and serves as a guard lamp. The lamp with the red cap is responsive to conditions on the 
subscriber's line. Its lighting depends upon the setting of the transfer key. Normally, when the 
transfer key is “pushed in," the circuit is set for troubles causing permanent signals, such as short cir¬ 
cuits and grounds. When it is “pulled out," it is set for opens. 

2.26 Master Alarm Pilots. 

Alarm lamps are provided for indicating troubles in any of the important parts of the machine 
switching equipment other than those for the sender-alarms, as previously described in this Section, 
and are mounted in floor alarm boards or power alarm cabinets which will be described later. For each 
class of alarms located in the floor boards or alarm cabinet, one master alarm pilot, consisting of a lamp, 
is furnished and located in the trouble desk as shown in Panel No. 4 of Figure No. 1. These master 
alarm pilots, when lighted, indicate to the sender-monitor that equipment of a certain class is inopera¬ 
tive, and enables him to know when the floor switchman or machine men have remedied the trouble. 

2.27 Outgoing Trunk Test Equipment. 

The following equipment is provided in Panels No. 9 to No. 14 in front of the outgoing trunk test 
operators: 

Outgoing trunk test and make-busy jacks 
Key-ended talking lines 
Emergency signal circuit. 

2.28 Outgoing Trunk Test and Make-Busy Jacks. 

Each inter-office outgoing trunk is represented at the trouble desk by the following: 

A designation strip 
A make-busy jack 
A test jack. 

The tip and ring conductors of these trunks are wired to the test jack while the sleeve conductor 
is wired to the make-busy jack. Tests are made on these interoffice trunks by inserting the plug of 
the trunk test cord or voltmeter test cord into the test jack. They are removed from service by inserting 
a make-busy plug into the make-busy jack. 



MISCELLANEOUS FRAMES AND DESKS 


79 


The bottom set of 100 test and make-busy jacks, designated “TL-O,” “TL-1,” “TL-2,” etc., in 
each panel, are cabled to the district distributing frame where they are terminated on the same ter¬ 
minal strips as the tie lines between the D. D. F. and M. D. F. These jacks, therefore, represent the 
inter-office outgoing trunks from the district multiple. 

The other sets of jacks located above the “TL” jacks are cabled to the M. D. F. and are terminated 
on the same terminal strips as the office multiple. The designation to the left of each set of 100 jacks 
is stamped on a number plate located on the stile casing and indicates the office frame bank number 
to which these jacks are cabled and the office frames which are multipled together. For example, the 
designation “B-0,” “0-1” and “0-5” means that the opposite 100 jacks are terminated at the M. D. F. 
on the same terminal strips as the cables from bank “O” of office frame No. 1 and that this bank is 
multipled through office frames No. 1 to No. 5 inclusive. 

2.29 Emergency Signal Circuit. 

To obtain the prompt attention of the maintenance force in case of the failure of the machine switch¬ 
ing equipment, fire, etc., a single-stroke gong system is provided throughout the switchrooms under 
control of the emergency alarm key located as shown in the piling block of Panel No. 11, Figure No. 1. 
By means of this key the operator can send out code signals as required. 

2.3 Key-Ending Talking Lines. 

Key-ending talking lines are provided to afford a means for making the trouble desk a clearing 
house for transmitting and receiving reports and instructions relative to the machine switching equip¬ 
ment. On some keys there are two lines and on others only one. They are located, as shown in Figure 
No. 1, in the jack panels directly above the piling blocks. The associated lamps are located directly 
above or below the keys and designation strips are provided, as shown, in association with the lamps. 
The key used on those lines requiring a holding position has three positions in the following sequence: 
normal, talking and holding. This sequence eliminates the possibility of giving a disconnect to the 
machine switching equipment in passing from “talking” to “holding.” 

Some of the talking lines appear before both the sender-monitor and outgoing trunk test operators 
and others appear only before the outgoing trunk test operators. The following key-ending talking 
lines or trunks are common to both the sender-monitor and outgoing trunk test operator. 

Lines to switchman 

Lines to zero operator 

Lines to repair clerk 

Lines to chief operator 

Lines to local stations 

Lines to incoming and “B” sender frames 

Lines to district, sender and translator frames 

Trunk lines to repair clerk’s desk. 

2.31 Lines to Switchman. 

Two-way talking lines are provided between the trouble desk and each switchman’s desk. This 
circuit does not require a holding position and two lines are associated with each key. To call the 
switchman, the trouble desk operator switches the key to its talking position and then operates the 
ringing key associated with the telephone circuit. 

2.32 Lines to Zero Operator. 

Two-way talking trunks to the zero operator are provided to enable the sender-monitor to report 
cases of trouble w r here the subscriber is unable to obtain his connection, and to enable the zero operator 
to report trouble which appears to involve the machine switching equipment reported to her by sub¬ 
scribers. Two lines are associated with each key. 
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2.33 Lines to Repair Clerk. 

Talking lines to the repair clerk enable the trouble desk operators to receive and transmit reports to 
trouble. Two lines are associated with each key. 

2.34 Lines to Assistant Chief Operator. 

A two-way talking line is provided between the trouble desk and assistant chief operator's desk 
over which troubles and other information are reported. 

2.35 Lines to Local Stations. 

Local stations, which consist of regular subscribers’ desk stands or wall sets are placed in advan¬ 
tageous places in the exchange building. Two-way talking lines are provided between these local 
stations and the trouble desk to enable the desk operators and members of the maintenance force to have 
communication from the different parts of the building not otherwise covered by the other talking lines, 
such as the rest room, power room, etc. A number of local stations may be connected to the same 
circuit, in which event each one is called by a code ring. Two lines are associated with each key. 

2.36 Line to Incoming and Cordless “B” Sender Frames. 

This line enables the floor switchmen to communicate with the trouble desk operators, and by 
means of an extension line routed by way of the assistant chief operator’s desk, to talk with the cordless 
“B” operators. This line is cross-connected at the intermediate distributing frame to the talking line 
which terminates in jacks in the jack boxes on the incoming and cordless “B” sender frames, the jacks 
being multiplied between all like frames. It is also wired to a cord located in the assistant chief operator’s 
desk. The key has three positions in the following sequence: normal, talking and transfer. 

Should a floor switchman wish to talk to a cordless “B” operator he will call the trouble desk oper¬ 
ator over the line. This operator will instruct the assistant chief operator over the talking line to that 
desk to connect the extension cord into the desired jack to the particular “B” operator’s headset. 

2.37 Line to District, Sender and Translator Frames. 

This talking line enables the trouble desk operators to have communication with the floor switch¬ 
men working about these frames in connection with determining the status of any equipment thereon, 
or in connecting with tracing trouble. Two lines are associated with each key. The line terminates 
at the frames in jacks located in jack boxes, the jacks being multipled between all frames. 

2.38 Trunks to Repair Clerk’s Desk. 

These trunks are a multiple of the trunks incoming from the district or office multiple to the repair 
clerk’s desk. A transfer key is provided at the repair clerk’s desk to transfer the calls from that desk 
to the trouble desk during periods when there is no operator at the repair clerk’s desk. 

2.4 Outgoing Trunk Test Lines. 

The following talking lines are provided at the outgoing trunk test positions only: 

Lines to supervisors 

Lines to final frames 

Lines to official board 

Lines to complaint desk 

Lines to loud speaking telephone 

Lines to other desks. 

2.41 Lines to Supervisors. 

Talking lines to supervisors are provided to enable the supervisors at the cordless “B” board and 
the machine switching “A” switchboard to report trouble relating to the machine switching equipment. 
Two lines are associated with each key. 
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2.42 Lines to Final Frames. 

Lines to final frames enable the outside maintenance force to reach the trouble desk operators by 
dialing the assigned number. These lines are cross-connected to line switches or line-finder terminals, 
thereby enabling the desk operators to make outgoing calls. One line is associated with each key, which 
has three positions in the following sequence: normal, talking and holding. 

2.43 Lines to Official Board. 

The two-way talking trunk to the official board enables the trouble desk operators to be reached 
direct from the official private branch exchange and enables them to reach any line terminated on the 
P. B. X. 

2.44 Lines to Complaint. 

Two-way talking lines are provided to the complaint operator or desk so that direct communication 
may be available between that operator and the trouble desk operator. 

2.45 Lines to Local Test Desk. 

Two-way talking lines are provided between the trouble desk and local test desk to provide com¬ 
munication between these desks. Two trunks are associated with each key. 

2.46 Lines for Loud Speaking Telephones. 

Loud speaking receivers are located in various parts of the apparatus and terminal rooms and wired 
to keys in the trouble desk. These lines are provided to enable the trouble desk operators to promptly 
“pick up” the floor switchman, no matter in what part of the switchroom he may be. This means of 
communication enables prompt instruction to be given in connection with the stoppage of motors, cord¬ 
less “B” positions out of service or other irregularities. It also affords a quick means for communicating 
with the maintenance men in the apparatus room whenever it is necessary to connect a subscribers 
line to a test and plugging-up circuit. Two trunks are associated with each ke} r . There is a talk-back 
transmitter associated with each loud speaking receiver so that two-way communication can be carried 
on with the switchman or rack man from any part of the room. 

2.47 Lines to Other Desks. 

Talking lines to desks in other offices are furnished to afford a quick means for communication 
between the offices on matters relating to interoffice trunk troubles. These lines are multiplied to the 
local test desk. The keys for these lines are of the push-button type and are located above the regular 
keys as shown in Panels No. 8, No. 9, No. 12 and No. 13 of Figure No. 1. Push-button type keys are 
used on account of the relatively large number of lines required and due to the lack of space in the regu¬ 
lar key mountings. Signals are received at the trouble desk on an alternating current bell located in the 
roof of the section. 

2.5 Keyshelf Equipment Sender-Monitor Positions. 

The following equipment as shown in Figure No. 1 is provided in the sender-monitor positions of 
the trouble desk: 

Talking cords 

Test cords from local test desk 
Voltmeter test cord 
Howler cord 
Electric clock 
Telephone circuit. 
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2.61 Talking Cords. 

Talking cords are provided to enable the sender-monitor operator to talk and supervise on subscrib¬ 
ers’ sender circuits and test and plugging-up circuits. Each circuit consists of a single cord and plug— 
no connections are completed—a supervisory lamp, a talking key, a flashing key, a coin return and coin 
collect key, and a coin pilot lamp. All of the equipment is located in the key shelf except the coin pilot 
lamp which is located as shown in the piling block. 

2.62 Test Cords from Local Test Desk. 

The test cords from the local test desk are provided to enable the local test desk testman to obtain 
access to the plugging-up circuits and inter-office trunks for the purpose of making tests. These cords 
are located as shown in both the sender-monitors and outgoing trunk test positions. The equipment 
consists of a cord with a plug, and an associated disconnect lamp. The sender-monitor operator plugs 
these cords into circuits to be tested at the request of the local testman, the request being received over 
an incoming call-circuit from the local test desk. 

2.63 Voltmeter Cord Circuit. 

The voltmeter test cord in the sender-monitor position is merely a bridge off the voltmeter test 
cord in the outgoing trunk test position and is used for testing on plugging-up and sender-alarm circuits, 
the keys and voltmeter located in the adjacent outgoing trunk test positions being used to make the test. 

2.64 Howler Cord. 

The howler cord is used to connect the graduated howler tone over the permanent signal holding 
trunks to a subscriber’s line for the purpose of attracting the subscriber’s attention to the fact that he 
has left his receiver off his switchhook. The howler tone is connected to the line by means of rotary step- 
by-step switches under control of the howler key located on the sender-monitor’s keyshelf. The appa¬ 
ratus of the howler circuit is located on the “desk-sender frame” which will be described later. 

2.55 Electric Clock. 

An electric clock is located on the keyshelves, as shown in Figure No. 1, so that the operator may 
have a means for timing the reporting and clearing of trouble on trouble tickets. 

2.56 Telephone Circuit. 

The telephone circuit is wired to the keys of the talking lines, permanent signal trunks and talking 
key of the talking cord circuit in such a way that the operation of a key to the talking position will 
connect the telephone circuit to the line. It is provided with a ringing key for ringing on the lines and 
a secondary cut-out key which cuts off the secondary winding of the induction coil, thereby enabling 
the sender-monitor to listen on circuits without interference from the transmitter. These keys are 
located in the face of the board along the talking line keys. 

A telephone transfer key which is located adjacent to the “ringing” and secondary cut-out key is 
furnished in the last sender-monitor’s position for transferring this position at times of light load to the 
first outgoing trunk test position. At night or other times of light traffic, one operator located at the 
first 0. G. T. test position will handle the entire trouble desk. The transfer key is provided in order 
that this operator may use the talking or howler cord on the adjacent sender-monitor’s position from 
the 0. G. T. test position. 

2.6 Keyshelf Equipment Outgoing Trunk Test Positions. 

The following equipment, as shown in Figure No. 1, is provided in the outgoing trunk test posi¬ 
tions of the trouble desk: 

Test cords from local test desk 
Voltmeter test cord circuit 
O. G. T. test cord circuit 
Telephone circuit. 
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2.61 Test Cords From Local Test Desk. 

Test cords from the local test desk are provided at 0. G. T. test positions to enable the local test 
desk testman to obtain access to the inter-office trunks for the purpose of making tests. 

2.62 Voltmeter Test Cord Circuit. 

The voltmeter test cord enables the 0. G. T. test operator to perform the following: 

To determine the character and approximate location of short circuits, grounds 
and crosses 

To measure insulation resistance 

To measure capacity of cables and condensers 

To measure foreign potentials and currents 

To ring 

To talk. 

The equipment and circuit arrangements are very similar to those provided for the No. 12 local 
test desk. 

2.63 Outgoing Trunk Test Cord Circuit. 

The outgoing trunk test cord circuit enables the 0. G. T. test operator to test the trunks outgoing 
to tandem call-indicator or other full-mechanical offices. The circuit is arranged so that when a test 
call is sent through to either a direct mechanical, distant mechanical office, direct R. C. I., manual 
tandem, or a mechanical tandem office, the distant end of the trunk under test will connect to a flash¬ 
ing circuit. This will flash a lamp in the trunk test cord circuit, thereby indicating to the testman 
that the trunk is in working order. The same final terminal number is assigned for test in all full- 
mechanical offices, and all direct R. C. I. offices have the same numerical code. Likewise, all manual 
tandem and mechanical tandem offices have the same tandem codes for their respective offices. With 
such an arrangement for calling, it is not necessary to provide code and numerical keys for sending 
through a test call. Class keys are provided, which, when operated, connect the apparatus of the test 
cord sender circuit necessary for sending through a test call. There are also five compensating resist¬ 
ance keys, a “start” and a “disconnect” key provided in connection with this circuit. The compen¬ 
sating resistance keys are used for inserting the proper compensating resistance in the trunk under 
test, while the start and disconnect keys are used respectively to start the call through and to discon¬ 
nect the test cord apparatus after the test has been completed. 

The following procedure is followed in making a test call: 

The plug of the trunk test cord is inserted in the test jack of the trunk to be tested. 

If a make-busy plug is in the make-busy jack it is removed. 

The proper class key is operated. 

The compensating resistance key to provide the proper resistance is depressed. 

The start key is depressed. 

If the call goes through properly the supervisory lamp of the test cord will flash, indicating to the 
testman that the trunk is in working order. The disconnect key will then be depressed. This opera¬ 
tion will restore the test cord circuit to normal. If a number of trunks of the same class and to the 
same office are to be tested, it is only necessary to set the class and compensating resistance keys once 
and let them remain in an operated position until through testing. The start and disconnect keys 
only need to be depressed for each call. 

The keys for the trunk test cord circuit are located on the keyshelf of the 0. G. T. test position 
as indicated in Figure No. 1. The “distant office” (D. O.) and “distant mechanical” (D. M.) class 
keys are located on the same key mounting, the key lever being operated toward the testman to oper¬ 
ate the “D. 0.” key and away from the operator to operate the “D. M.” key. The manual tandem 
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(Man. T.) and the mechanical tandem (Mech. T.) keys are also located on one key mounting in a like 
manner. 

The talking key (Talk), located to the right of the “Man. T” and “Mech. T” key, is provided 
so that the desk man may talk on the trunk test cord. It is not intended to make talking tests on the 
outgoing trunks and this key is only used in the event that the trunk under test should, through error, 
be connected to a subscriber’s line or a supervising operator at the distant end. 

2.64 Telephone Circuit. 

The telephone circuit of the 0. G. T. test positions is wired to the keys of the talking lines and 
test cords in such a way that the operation of a talking key to the talking position will connect the tele¬ 
phone circuit to the line. A dial is furnished in the telephone circuit to enable the operator to make 
calls on exchange talking trunks. A ringing key is also provided which enables the desk switchman 
to ring on those talking trunks that are on a ring-down basis. A secondary cut-out key is provided 
which cuts out the secondary winding of the induction coil, thereby enabling the switchman to listen 
on circuits without interference from the transmitter. 

2.7 Equipment Inside Section. 

All the relays and other apparatus associated with the key-ended talking lines, talking cord cir^ 
cuits, voltmeter test circuits and telephone circuits are mounted on mounting plates which are located 
in the rear of the positions. A small amount of the equipment associated with the howler cord and 
outgoing trunk test cord circuits is also mounted in the rear of the switchboard, the remaining equip¬ 
ment consisting of rotary step-by-step switches, sequence switches and relays being mounted on the- 
desk-sender frame which will be described later. 

2.8 Cabling of Trouble Desk. 

Due to the large number of cables entering the trouble desk it is necessary to furnish a cable turn-, 
ing section at the head of the desk and between each two sections. The cable turning section located 
at the head of the board is used for cabling Section No. 1, while additional cable turning sections located 
between Sections No. 2 and No. 3, No. 4 and No. 5, etc., are used for cabling Sections No. 2 and No. 3, 
No. 4 and No. 5, etc., respectively. 

3. Chief Switchman’s Desk. 

The chief switchman’s desk, which is usually located near the trouble desk, is provided for the 
use of the chief switchman. It consists of a flat top, single-sided, single-position desk on which is mounted, 
a turret. The following key-ended talking lines are provided in this turret: 

Lines to local stations 

Lines to repair clerk 

Lines to assistant chief operator 

Lines to final frames 

Lines to switchman 

Line to official P. B. X. 

Line to local test desk 
Lines to zero operator 
Lines to loud speaking telephones. 

The above lines are not individual but are bridged to similar lines in the trouble desk. They 
enable the chief switchman to supervise the work of the maintenance men and also afford a means for 
establishing connection through the exchange apparatus. The telephone circuit is wired for use with 
a desk stand and a dial located on the turret enables the chief switchman to make calls on the lines, 
to the final frame. A ringing key located in the turret along with the talking line keys is also provided* 
which enables him to ring on the talking lines which are on a ring-down basis. 
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The chief switchman's desk is usually located near the trouble desk so that the chief switchman 
may determine at any time, by the number of alarm lamps burning in the face of the trouble desk, how 
the machine switching equipment is functioning. 

4. Switchman’s Desk. 

A switchman's desk is usually provided on each floor on which there is power-driven apparatus. 
It is used by the switchman for making records and as a means of communication to the trouble desk, 
repair clerk's desk and desks of other switchmen. It consists of a small single-sided, single-position 
desk and is equipped with a telephone circuit and a key box containing push-button type keys to which 
the following talking lines are wired: 

Line to trouble desk 
Line to repair clerk 
Line to other switchmen. 

The key box is located on the left end of the desk just below the desk top. The apparatus required 
for the telephone circuit is located in a box which is also located on the left end of the desk. This leaves 
the top of the desk clear of any apparatus except the desk stand. Such a condition is desirable as the 
switchmen are thus provided with a clear flat surface on which blueprints of circuits, etc., may be laid 
out whenever it is necessary to refer to such records. 

5. Floor Alarm Boards. 

In full-mechanical offices, alarm lamps are provided to indicate when any of the more important 
parts of the machine switching system, other than those covered by the lighting of the various sender 
lamps in the trouble desk, have become inoperative. These alarm lamps are located in “floor alarm 
boards," one board being provided for each floor containing power-driven frames, and which contains 
all the alarm lamps for the particular floor on which it is located. 

5.1 Framework and Equipment Floor Alarm Board. 

The floor alarm board is constructed of two vertical channel irons which are set up in the switch- 
rooms in a similar manner to a bay of relay rack. The lower portion of the bay formed by the two- 
channel irons is arranged for relay mounting plates. The central portion, up to a height of about six 
feet, is arranged for mounting lamps and keys in strip mountings, the same as are used in the trouble 
desk. Above the lamp and key mountings, the bay is arranged for mounting ten terminal strips in 
two vertical rows. The lamps, associated keys and relays which are mounted on the alarm board, 
are wired in a local cable. The leads in this local cable which require connections to outside circuits 
are terminated on the terminal strips just described. 

5.2 Floor Alarm Board Lamps. 

Alarm lamps are provided at the floor alarm boards to indicate when a fuse is blown out on the 
following: 

A district frame 
An office frame 
An incoming frame 
A final frame 
A sender frame 
A coil rack fuse panel 
A distributing fuse panel 
A miscellaneous fuse panel 

The night alarm circuit of the machine switching “A" switchboard 
The pulse machines. 
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When a selector is stuck on a distant frame, a final frame or a line-finder frame, the floor alarm 
board lamps so indicate. 

The following conditions also are indicated by alarm lamps: 

When the motors stop on any power-driven frame or on a pulse machine 

When a duplex unit drive motor is transferred to the 48-volt exchange battery 

When a cordless “B” position is out of service 

When the electric clock circuit fails 

When the automatic routine test equipment is blocked. 

6.21 Fuse Alarm Lamps for Selector or Sender Frames. 

A fuse panel is provided on the front and rear of each selector frame and on sender frames for feed¬ 
ing battery to the circuits on those frames. Whenever a fuse on one of these panels blows it causes a 
lamp mounted in that panel to become lighted. There are two relays located on one end of each row 
of frames, one of which becomes energized whenever a fuse blows on the front of the frames in that par¬ 
ticular row. The other becomes energized when a fuse on the rear side of that row of frames blows. 
Leads are carried from the contacts of these relays to lamps in the floor alarm board which indicate, 
when they become lighted, that a fuse in a certain row of frames has blown. The lighting of one of 
these lamps in the floor alarm board also causes a bell to be rung which indicates to the floor switchman 
that a signal has come in. The switchman then determines from the floor alarm board lamp in what 
row’ of frames the fuse has blown and from the lighted lamp in the fuse panel the frame on which the 
fuse has blown. At the floor alarm board each strip of lamps is provided with a designation strip upon 
which the row number that each lamp represents is written. Frames are usually located in parallel 
rows so that one lamp is provided at the alarm board for an aisle made up of two rows of frames facing 
each other. 

6.22 Fuse Alarm Lamps for Coil Rack Fuse Board. 

A lamp is provided at the floor alarm board which lights and causes an audible signal to be given 
whenever a fuse blows on a coil rack fuse board located on the same floor as the floor alarm board. 

6.23 Fuse Alarm Lamps for Pulse Machine. 

Four lamps are provided at the floor alarm board located on the same floor as the trouble desk for 
the pulse machine fuse alarm circuit, one lamp being provided for each of the following conditions: 

To indicate when a ground supply fuse associated with the “A” drum of the pulse 
machine has blown. 

To indicate when a ground supply fuse associated with the “B” drum of the pulse 
machine has blown. 

To indicate when a fuse in the pulse leads from the “A” cam has blown. 

To indicate when a fuse in the pulse leads from the “B” cam has blown. 

6.24 Fuse Alarm Lamp for Night Alarm Circuit of “A” Board. 

The night alarm circuit at the “A” switchboard causes an alternating current bell to ring (when 
“N. A.” key is thrown) each time a call comes in to that switchboard. In case the fuse in this circuit 
should blow this audible signal would not be given, and there is a chance that the operator might not 
notice the call that has come in. To guard against this possible service delay a lamp is provided in the 
floor alarm board, located on the same floor as the trouble desk, which will light and give an audible 
alarm whenever the fuse blows in the “A” board night alarm circuit. 

6.26 Time Alarm Circuits. 

A time alarm circuit is provided on each line-finder, district and final frame, the function of which 
is to light a lamp at the frame, and in the floor alarm board whenever a line-finder is stuck on a line- 
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finder frame, or a selector is stuck on a district or final frame. In this circuit there is a device for meas¬ 
uring off a predetermined time interval which is long enough to allow a line-finder, or the selectors, to 
perform their normal functions. If after the lapse of this interval, the normal functions of the line-finder, 
district or final selector are not completed, the lamps at the frame and floor alarm board are lighted, 
indicating a stuck line-finder or selector. One lamp is provided at the alarm board for each aisle formed 
by the line-finder, district and final frames, and consequently the lighting of any one of these lamps 
will merely indicate in which aisle the line-finder or selector has become stuck. The lamp on the indi¬ 
vidual frames, however, indicates on which particular frame the finder or selector is stuck. 

5.26 Motor Stop and Transfer Alarm Circuits. 

For each drive motor in an exchange there is provided at the floor-alarm boards two lamps, one 
with a white and the other with a red lamp cap, and a push-button type key. These lamps and keys 
are wired to a set of springs located on the shaft of the motor and function as follows: 

When a motor stops the lamp with the red lamp cap becomes lighted. The floor 
switchman then pulls out the key associated with the lamp, which action extin¬ 
guishes the red lamp and lights the white guard lamp. 

When the motor is started running again both the red and the white lamps will be 
lighted. 

When the keys are pushed in again both lamps will be extinguished, indicating that 
service has been restored. 

There is a frame busy circuit associated with the motor stop-alarm circuits provided for the district 
frame. Whenever a key on this motor-stop circuit is pulled out a circuit condition is set up that makes 
busy all of the line-finder circuits that are connected to that side of the district frame or frames driven 
by the stopped motor. 

When duplex unit drive motors are used there is an additional lamp furnished for each motor which 
indicates, when lighted, that the outside power source has failed and that the motor has been auto¬ 
matically switched to the 48-volt exchange battery. This lamp is located directly below the associated 
motor stop alarm lamps. 

5.27 Cordless “B” Operator’s Emergency Alarms. 

One lamp with a white lamp cap is provided at the floor alarm board, located on the same floor 
with the trouble desk, for each cordless “B” position. When one of the “B” positions is out of order the 
“B” supervisor depresses a key at that position which lights the associated lamp at the floor alarm board. 
Upon the lighting of this lamp the trouble desk operator knows that the cordless “B” position is out of 
service and sends a switchman to the “B” position and one to the cordless “B” frames. From the 
nature of the reports of these men he determines whether or not the emergency key should be employed 
and gives instructions accordingly. The lamp is extinguished when the “B” supervisor restores the 
key to normal. 

5.28 Clock Circuit Alarm Lamp. 

One lamp with a white cap is provided at the floor alarm board located on the same floor with the 
trouble desk for indicating trouble on the clock circuit controlling the electric clocks. This lamp is 
lighted when a clock fuse blows and is extinguished when the trouble is removed and the fuse replaced. 

5.29 Automatic Routine Test Alarm Lamps. 

One lamp with a white cap is provided at the alarm board on the same floor as the trouble desk for 
each of the automatic routine test circuits. The lamp is lighted when the automatic routine test is blocked 
because of meeting trouble, and is extinguished when the testing equipment is restored to normal. 
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5.3 Audible Signals on the Floor Alarm Board. 

Whenever a signal comes in on the floor alarm board an alternating current bell or a large 24-volt 
direct current bell with a five-inch gong is rung. The direct current bell is used in connection with the 
most important signals, such as for pulse machine motor-stop alarms, pulse machine battery alarm 
circuit, cordless “B” operator's emergency signal circuit, etc., while the A. C. bell is used in connection 
with alarms of a minor nature. These bells are mounted at the top of the floor alarm board. 

5.4 Location of Floor Alarm Boards. 

One floor alarm board is provided for each floor on which there is power-driven apparatus. The 
alarm board on any floor contains the alarms as described above for the frames, etc., on that particular 
floor. The alarm board on the same floor as the trouble desk is usually located close to that desk in such 
a manner that both the chief switchman and trouble desk operators have a view of the front of the board. 
The alarm boards on the other floors are usually placed close to and facing the switchman's desk. 

6. Power Alarm Cabinet. 

Signal lamps which are provided to indicate any power plant irregularities are mounted in a power 
alarm cabinet, which is located in the power room in such a manner that it is visible from any part of 
the room. 

The cabinet is made of wood and is arranged for mounting on a wall or column. Five rows of 9 
one and one-half inch round holes are drilled in the door of the cabinet, a signal lamp being located 
directly behind each hole. A plate of glass covers all of the circular holes and designations are painted 
on the glass at each circular opening to indicate what power irregularities the various lamps represent. 

Inside the cabinet a swinging relay gate is provided on which the various relays associated with the 
alarm circuits and the connecting rack are mounted. 

6.1 Alarm Lamps Provided in Cabinet. 

These lamps indicate the following: 

Blown charge or discharge fuses 
Abnormally high or low battery voltage 
No ringing current voltage 
Operation of circuit breakers 
Alternating current phase failure 
Failure of emergency lighting fuses 
Blown coin battery fuse 
Pulse machine failure. 

6.11 Main Charge and Discharge Fuse Alarms. 

There is one lamp furnished for each of the main charge 
indicate that these fuses are blown. They are extinguished 
by new ones. 

6.12 High and Low Voltage Alarms. 

Two lamps are furnished for the voltage alarm, one of which is lighted when the voltage is more 
than 50 volts. The other lights when the voltage is less than 45. When the voltage is normal neither 
of the lamps is lighted. 

6.13 Ringing Current Voltage Failure Alarm. 

Two lamps are furnished for the ringing current voltage failure alarm. One indicates the failure 
of potential on the straight A. C. ringing bus-bars and the other the failure of potential on the machine 


and discharge fuses. When lighted they 
as soon as the blown fuses are replaced 
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ringing bus-bars. These lamps are extinguished as soon as the voltage is again within the prescribed 
limits. 

6.14 Circuit Breaker Alarm. 

One lamp is furnished for each circuit breaker in the office for indicating the opening of the circuit 
breakers. A lamp is lighted each time its associated circuit breaker is opened and is extinguished as 
soon as the circuit breaker is closed or the charging machine is shut down. 

6.15 Phase Failure Alarm. 

One lamp is provided for indicating the failure of any one of the phases of the polyphase power 
source. It is extinguished as soon as the breakdown in the power source is removed. 

6.16 Emergency Lighting Fuse Alarm. 

In some exchanges an emergency lighting system wired to the 48-volt exchange storage batteiy is 
installed. Where this is done a lamp is furnished in the alarm signal cabinet to indicate when the fuse 
in this circuit is blown. The lamp is lighted when the fuse blows and is extinguished when the blown 
fuse is replaced by a new one. 

6.17 Coin Battery Fuse Alarm. 

When storage batteries are used for coin collect battery, two lamps are furnished in the alarm cabinet, 
one of which lights when the main fuse in the “collect” battery blows, while the other lights when the 
main fuse in the “return” battery blows. The lamps are extinguished when the blown fuses are replaced 
by new ones. 

6.18 Pulse Failure Alarms. 

Lamps are provided in the alarm cabinet which, when lighted, indicate*. 

That a pulse machine drive motor has stopped. 

That the power leads for driving the duplex drive motor have been transferred from 
the outside power source to the 48-volt exchange battery. 

That a ground supply fuse associated with the “A” drum of the pulse machine has blown. 

That a ground supply fuse associated with the “B” drum of the pulse machine has blown. 

That a fuse in one of the pulse leads from the “A” drum has blown. 

That a fuse in one of the pulse leads from the “B” drum has blown. 

6.2 Wiring of Power Alarm Cabinet. 

The lamps and relays in the alarm cabinet are wired by means of a local cable and leads which 
require connections to the outside circuits are terminated on a connecting rack mounted on the swinging 
relay gate. Leads to the outside apparatus are then run from this connecting rack by means of switch¬ 
board cable or power wire as required. 

6.3 Audible Alarms for Power Alarm Cabinets. 

An alternating current bell and a direct current bell with a five-inch gong are furnished for giving 
an audible signal each time an alarm lamp is lighted in the alarm cabinet. The D. C. bell is connected 
to the most important alarm circuits, while the A. C. bell is connected to the minoi alarms. 

7. Traffic Register Rack. 

In a full-mechanical office it is necessary to record automatically by means of registers the traffic 
over each group of trunks to obtain data that will indicate how to distribute the total office load e\ enh 
without loss of calls or waste of equipment, and to arrange for increase in trunk groups to carry growing 
traffic. It is further necessary to record automatically by means of registers the number of times in 
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a given period a hunting selector goes to overflow, that is, finds all the trunks in a desired group busy, 
m order that the number of calls lost per thousand in that group may be noted and the number of trunks 
increase if necessary. 

Both of these records a^e obtained by means of registers associated with the various selector and 
sender circuits and with the overflow terminals on the multiple banks. The registers recording the 
traffic over the different trunk groups are known as group or peg count registers. Those indicating the 
number of times all trunks in a given group are found busy by a hunting selector called overflow, “all 
trunks busy” or “all paths busy” registers. 

7.1 Framework Traffic Register Rack. 

The registers for recording the traffic as outlined above and the relays which are associated with 
some of the registers are mounted on a framework called a “ traffic register rack.” This rack consists of 
two bays of relay rack construction and is so constructed that it is self-supporting from the floor. The 
middle portion of the two bays is arranged for mounting 700 message registers, while the upper and 
low r er portions of the two bays are arranged for mounting 520 relays associated with part of the regis¬ 
ter circuits. Five terminal strips are provided at the top of the rack on which the leads in the local 
cable that require connections to the outside circuits are terminated. The entire framework is enclosed 
in a wooden casing. The front of the casing is provided with doors, and glass panels are placed in the 
doors opposite that portion of the rack which is arranged for mounting registers. The framework 
and wooden casing are so designed that two or more racks may be installed in a line. 

7.2 Group or Peg Count Registers. 

Group registers are provided as follows: 

For registering the number of calls over each group of trunks between line-finder 
circuits and associated district selector circuits, the register being connected 
to the sequence switches of the district selector circuits. 

For registering the number of calls over each group of trunks between the district 
multiple banks and associated office selector circuits, the registers being con¬ 
nected to the sequence switches of the office selector circuits. 

For registering the number of calls over each group of trunks from the district or 
office multiple banks to local or inter-office full-mechanical incoming selector 
circuits, the registers being connected to the sequence switches of the incoming 
selector circuits. 

For registering the number of calls over each group of trunks from the incoming frame 
multiple banks to final selector circuits, the registers being connected to the 
sequence switches of the final selectors. 

For registering the number of calls set up by the cordless “B” operator over the 
cordless incoming selector trunks. 

For registering the number of calls set up by the machine switching “A” operator. 

Owing to the large number of trunks in some groups it is not always practicable or possible to 
record the calls for the entire group on one register. In this case two or more registers are provided 
per group as required. Peg count registers are generally provided and cabled as follows: 

One peg count register for each 20 district selectors or fraction thereof, the regis¬ 
ters in all cases, however, being provided on such a basis that the calls origi¬ 
nated from any group of 300 line-finder terminals may be obtained either from 
one register or by the summation of the readings of two or more registers. 

One peg count register for each group of incoming trunk selectors exclusive of cord¬ 
less “B” not exceeding 20 trunks in the group, and one register for each 20 
trunks or fraction thereof for each group exceeding 20. 
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One peg count register for each 20 office selectors or fraction thereof, the registers 
being provided on such a basis that the calls in any group or sub-group office 
selectors may be obtained from the reading of one register or the summation of 
the readings of two or more registers. 

One peg count register for each group of 24 trunks or fraction thereof to the finals. 

One peg count register is provided for each group of cordless trunks on each cordless 
“B” position and is operated by the depression of the assignment key of any 
trunk circuit in the group. 

One peg count key is provided at the keyshelf on each machine switching “A” oper¬ 
ator’s position which, when depressed, causes the associated peg count register 
to record one call the same as in manual practice. 

7.3 Wiring and Cabling Peg Count or Group Register Leads. 

To provide a ready method of connecting the registers, local wiring is provided on the selector 
frames from each sequence switch to terminal strips on the frame, and four leads, multipled to both 
sides of each selector frame, are run to the intermediate distributing frame for cross-connection to the 
traffic registers. For each row of frames these four leads from each frame are run in a local power cable 
to one end of the row where the sets of four leads from all the frames in that row are terminated on a 
terminal strip located on that end frame. From this point the leads are run to the I. D. F. in switchboard 
cable. The individual punchings on each selector frame are strapped together in groups as required 
and connected to the leads terminated at that frame as required. 

At the cordless “B” board one peg count lead is carried from each assignment key to a separate 
punching on terminal strips in the rear of the section. The punchings associated with the same group 
of trunks are strapped together on these terminal strips. One six-wire cable is run from each section 
to the cable turning section, where the leads are terminated on terminal strips. From these terminal 
strips the leads for all sections are extended to the I. D. F. by means of switchboard cable. 

At the machine switching “A” switchboard the peg count register leads are run individually to the 
first position or cable turning section where they are terminated on terminal strips. From this point 
they are extended to the I. D. F. by means of switchboard cable. 

7.4 Overflow or “All Paths Busy” Registers. 

The following overflow registers are furnished for recording the number of times that all the paths 
to various destinations are busy: 

One overflow register is furnished for each group of line-finders. This register is wired 
from the line-finder start circuit. 

One overflow register from each group or sub-group of trunks appearing on the district, 
office, or incoming frame multiple, wired from the overflow terminal on the mul¬ 
tiple banks of these frames. 

One overflow register for each group or partial group of 22 subscribers senders wired 
from a terminal on the sender frame terminal strip. There is an overflow relay 
in each sender circuit which is energized as long as the sender is busy. The con¬ 
tacts on these relays are wired in series with the overflow relays of all other 
senders in the same group and when all senders are busy a path is closed to the 
overflow register. 

One overflow register for each group or partial group of “B” senders, wired from a 
terminal strip on a “B” sender frame terminal strip. 

One overflow register for each group or partial group of “A” operators or local senders, 
wired from a terminal on the “A” operator’s or local sender frame. 
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7.5 Cabling of Overflow Register Leads. 

Ihe overflow leads from the overflow terminals on the district, office or incoming multiple banks 
are included in the trunk cables which run from the multiple banks to the main distributing frame, 
intermediate distributing frame or district or office distributing frame, depending upon the cabling 
requirements. From these various frames the overflow leads are carried to the intermediate distribut¬ 
ing frame by means of tie cables. The overflow leads from the various sender frames are carried direct 
to the intermediate distributing frame by means of switchboard cable. 

7.6 Wiring and Cabling Traffic Register Rack. 

The registers and relays on the traffic register rack are wired by means of two local cables, one cable 
being provided for each bay of rack. The leads in this local cable which require connections to the peg 
count and overflow leads from the various frames and switchboards are terminated on the terminal 
strip at the top of the register rack. These leads are extended to the intermediate distributing frame 
by means of switchboard cable, where they are cross-connected to the various peg count and overflow 
leads previously described. 

8. Local Test Desk. 

A local test desk is provided in each full-mechanical office to furnish a means for testing troubles 
on subscribers’ lines, and all outside plant equipment in general. 

8.1 Desk Assembly and Capacity. 

The desk is made in one-position units arranged to line up side by side to form a continuous test 
desk. A cable turning section is located at one end and an end panel at the other. 

There are two sizes of desks, the small capacity desk and the large capacity desk. 

In the small capacity desk all the test and trunk lines are multipled from position to position in 
switchboard cable and the number of lines is limited to the number of jacks and keys that it is possible 
to install in the face of one desk. 

In the large capacity desk, however, these test and trunk lines are wired to terminal strips located 
in the cable turning section. Also the jacks and keys in each position are wired to terminal strips at 
the rear of each section. By this arrangement these test and trunk lines can be cross-connected so as 
to appear in any position or number of positions as desired. It is evident that by having some lines 
appear in one position and not in others, a greater number of test lines and trunk lines can be obtained 
than is possible with the method of wiring for the small capacity desk. 

The assembly of both the small and large capacity desk is the same. The iron frame, rear equip¬ 
ment and cable turning sections are different since the small capacity desks are not arranged for cross- 
connections in the rear. 

8.2 Capacities to Be Furnished. 

The small capacity desk is used wherever the ultimate requirements of the office will not exceed 
the test line or trunk line capacity of the small capacity desk; otherwise the large capacity desk is used. 
Usually the small capacity desk will meet the requirements where the ultimate is one to three sections, 
the large capacity being required where there is an ultimate of four or more sections. 

8.3 Equipment of Test Desk. 

Figure No. 2 shows the panel and keyshelf equipment of a local test desk. The testing and record¬ 
ing keys and the testing cords are located as shown on the keyshelf, w r hile the key-ended trunk and 
jack-ended test lines appear in the vertical panel in front of the keyshelf. 
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8.4 Local Test Desk Trunks. 

The following trunks are wired to the horizontal row of C-3-A keys located at the top of the front 
panel: 

Trunks from final frames 
Trunks to local stations 
Trunk to trouble desk 
Trunk to assistant chief operator 
Trunks to loud speaker. 

8.41 Trunk from Final Frames. 

This trunk terminates in a key and lamp at the test desk and is wired to terminals on a final frame. 
It is furnished to provide a means for calling the local test desk, and as a means for the test men to 
establish a connection through the exchange apparatus. 

8.42 Trunks to Local Stations. 

Two-way talking lines are provided between local stations and the test desk to enable the test men 
and members of the maintenance force to have communication from different parts of the building. 
These trunks terminate in keys and lamps at the test desk and in a standard subscriber s set at the local 
station. These trunk lines are usually bridged to the local station trunks in the trouble desk. 

8.43 Trunk to Trouble Desk. 

This trunk terminates in a key and lamp at the test desk and is furnished to provide means for 
the testman to receive or originate a call from or to the trouble desk. 


8.44 Trunk to Assistant Chief Operator. 

This two-way key-ended trunk is furnished to provide a means for the testman to receive or originate 
a call from or to the assistant chief operator. 

8.45 Trunks to Loud Speaker. 

The key-ended loud speaker trunks are wired to loud speaking receivers and talk-back transmitter 
located at the main distributing frame and enable the testman to get in communication with the main¬ 
tenance men no matter in what part of the terminal room they may be. 

8.46 Wiring of Trunks. 

The keys for all the above trunks are universally wired, the wiring being terminated on terminal 
strips in the rear of each section. The relays associated with these trunks are located on the miscel¬ 
laneous relay rack and are cabled direct to the above terminal strips or to terminal strips in the cable 
turning section. The relays are cabled direct in the small capacity desk and to the cable turning section 
in the large capacity desk. In the large capacity desk the relay circuits terminated in the cable turning 
section are connected to the key wiring terminated on terminal strips in the rear of each section by 
jumper wires. The wiring for multipling the keys between positions is furnished in the local power 
cable. 

8.5 Left Panel Test Lines. 

The following jack-ended test lines are provided in the left hand jack panel in the face of the desk: 

Test lines to incoming test selectors 

Test lines to trouble desk 

Test linefe from district or office multiple. 
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8.51 Test Lines to Incoming Test Selector. 

Each test line to incoming test selectors is represented in the test desk by a jack, a lamp with a red 
cap, a lamp with a white cap, and a key. 

These lines, which are wired to test selectors located on a regular incoming frame, provide a means 
for testing subscribers’ lines. 

To make a test on a line, the test man inserts the plug of his test cord into the test jack and writes 
up the number of the line to be tested on the set of numerical keys provided at each position. The 
sender associated with the test cord causes the test selector to select an idle regular final selector circuit 
on the proper final frame and causes that final selector to pick out the terminals of the called line. The 
circuit from the tip and ring springs of the test jack is metallic all the way to the final multiple terminals, 
and voltmeter tests can therefore be made as desired. 

These trunks are multipled before each test desk position. The red lamp acts as a busy lamp and 
is lighted in all positions whenever a test plug is inserted in a jack in one of the positions. The white 
lamp acts as a supervisory lamp when the test man has occasion to withdraw the plug of the test cord 
from the test jack. The disconnect key is used to return the test selector to normal after a test has been 
made. 

8.62 Test Lines to Trouble Desk. 

Each test line to the trouble desk is represented in each position of the local test desk by a jack, a 
lamp with a red cap, a lamp with a white cap, and a key. 

These test lines are wired to the trouble desk where each line is terminated in a test cord and lamp 
located in the keyshelves of the trouble desk. These lines are furnished to provide a means for testing 
subscribers’ lines, via test and plugging-up lines, or trunk lines appearing in the trouble desk. The test- 
man instructs the trouble desk operator over a call-circuit to insert a test plug in the line or trunk which 
is to be tested. The line or trunk is then extended to the test jack in the test desk where it can be tested 
by means of the test cord circuit. The red lamp at the test desk is lighted in all positions when a test 
cord is inserted in a jack in one of the positions and acts as a busy signal. The white lamp acts as a 
supervisory lamp while the key, when depressed, lights the disconnect lamp associated with the test cord 
at the trouble desk. 

8.63 Test Lines from District or Office Multiple. 

Each test line from the district or office multiple is represented in each position of the local test 
desk by a jack, a lamp with a read cap, a lamp with a white cap, and a key. 

These lines are wired to the district or office frames where they are terminated on multiple bank 
terminals. The circuit is furnished to provide means for the outside trouble man to call the testman 
at the local test desk by a special code, and to furnish a direct means for the testman to test the sub¬ 
scriber’s line over the same circuit as the call is made. The red lamp in this circuit is the busy lamp 
and the white lamp is used for supervisory purposes. The function of the key is to disconnect the dis¬ 
trict or office selector after the test on the line is completed. 

8.54 Wiring and Cabling Test Lines. 

The test jacks, associated lamps, and keys are wired in the local cable to terminal strips in the rear 
of each section. The relays associated with the test lines, which are mounted on the miscellaneous 
relay rack, are cabled either to terminal strips in the cable turning section, or direct to the terminal 
strips in the rear of each section in the same manner as previously described for the key-ended trunks. 

8.6 Right Panel Trunk and Test Lines. 

The following trunks and test lines are provided in the right hand jack panel in the face of the desk: 
Bridging trunks for lines requiring common battery supervision 
Trunks to other desks 
Test lines to M. D. F. 

Test lines to M. D. F. and I. D. F. 
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8.61 Bridging Trunks for Lines Requiring Common Battery Supervision. 

These circuits are furnished to provide a means of talking on lines that are bridged on other lines 
on which common battery supervision is required. Each trunk is represented in the face of the test 
desk by a key. The depression of this key connects the trunk line to the testman’s telephone set and 
also causes a resistance to be placed across the tip and ring of the trunk for supervision purposes. 

8.62 Trunks to Other Desks. 

These circuits are furnished as a means for the testman to call other test desks in distant offices or 
to receive calls from those offices. On an incoming call, ringing current is applied to the tip and ring of 
the trunk by the operator at the distant end, thereby causing the special ringer connected to that trunk 
to ring. If the man at the test desk desires to call any other office the ringing current is applied by means 
of the ringing key in his telephone circuit. Each trunk is represented in the face of the desk by a key, 
the operation of which connects the trunk to the testman’s telephone circuit. 

8.63 Test Lines to Main Distributing Frame. 

These test lines are provided as a means for testing subscribers’ lines. Two of these lines are usually 
provided at each position so that two lines may be set iup simultaneously for locating crosses. The lines 
originate at the M. D. F. in a plug adapted to make contact with the switchboard side and line side of 
the protectors, and terminate at the test desk in a bridging jack for listening, and in two cut-off jacks 
so that the line side of the circuit may be tested independently of the switchboard side and vice versa. 

8.64 Test Lines to M. D. F. and I. D. F. 

These test lines are provided as a means for detecting intermittant troubles. Two such lines are 
usually provided at each position so that two lines may be set up simultaneously for locating crosses. 
Each line originates at the M. D. F. in a plug arranged to make contact with the line side and switchboard 
side of the protector springs, at the I. D. F. in a plug arranged to make contact with the sleeve lead and 
at the line-finder relay rack in a clip arranged to make contact with the right hand armature spring of 
the line relay associated with the line under test. Each test line terminates at the test desk in a bridg¬ 
ing jack for listening in, in two cut-off jacks for testing the line and switchboard side of the circuit, in 
three lamps with red, white and green caps respectively, and in two keys. A lighted red lamp indicates 
that the subscriber’s line is busy, the lighting of the green lamp indicates a ground or cross on the sub¬ 
scriber’s line, while the lighting of the white lamp indicates a ground or cross in the subscriber’s central 
office equipment. One of the keys is provided for monitoring on the line while the other key (P. B. X.) 
is used to distinguish between an individual line and a line of a P. B. X. group. 

8.7 Keyshelf Equipment. 

The following equipment as shown in Figure No. 2 is provided in the keyshelf of the test desk: 

Call-circuit keys 
Ringing keys 
Keys of test cord circuit 
Numerical recording keys 
Testing cords 

Wheatstone bridge key and cord 
Electric clock. 

8.71 Call-Circuit Keys. 

The call-circuit keys, located at the left of the position, are wired as outgoing call circuits to other 
desks and switchboard positions and are used the same as call-circuits in a regular subscriber’s manual 
“A” position. 
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8.72 Ringing Keys. 

Two ringing keys are furnished in each position, one for ringing on the primary test cord and the other 
for ringing on the secondary test cord as indicated in Figure No. 2. These keys are wired for straight, 
two or four-party ringing as required. 

8.73 Test Cord Circuit. 

The test cord circuit, represented on the key shelf by keys No. 3 to No. 13, the numerical recording 
keys and the four cords as shown in Figure No. 2, is used for making any necessary tests on lines, and is 
the same as the test cord circuit used in the standard No. 12 local test desk for manual offices, except that 
provision is made for selecting the subscribed lines for test mechanically by means of a sender. When 
testing on test lines associated with incoming selectors, the testing apparatus of this cord cannot be con¬ 
nected to the test line until the sender has been attached and has advanced the selector and those fol¬ 
lowing it in train to their proper testing positions. 

The test cord circuit is provided with four cords, the primary testing (PR), secondary testing (SEC), 
sounder (SO) and Wheatstone bridge (WB) cords. The primary cord is arranged for making most of 
the routine tests such as ground, foreign battery, resistance, ballistic, talking, ringing and transmission 
tests; also the supplementary tests, coin collection and line insulation breakdown and tests requiring 
the use of a Wheatstone bridge. 

In the secondary test cord circuit are grouped those testing features which do not involve the use 
of the volt-milammeter and Wheatstone bridge. By means of the test cord interchange key “X.” (Key 
No. 3), the primary and secondary test cords can be interchanged with respect to their cords. The 
secondary test cord is arranged for applying machine ringing, the howler, dial test and sounder. 

The sounder cord is provided so that the sounder or buzzer test can be plugged into a line showing 
intermittent trouble conditions such as ground or short circuits. It may also be used in cases where 
the outside man is locating troubles, either grounds, short circuits, or opens. In all cases the operation 
of the sounder, located inside the desk, acts as an audible signal for the testman. 

The howler tone in the test desk is applied through the medium of a step-by-step rotary switch 
instead of by a No. 491-B key as in manual practice. The operation of the howler key “H,” key No. 8, 
causes the rotary switch to rotate, thereby causing a graduated howler tone to be sent out over the line 
into which the secondary test cord is plugged. 

The operation of the “dial test,” key No. 11, connects the dial tester, shown located to the right of 
the front panel, to the secondary test cord. To test a dial the testman instructs the repair man at the 
subscriber’s station to dial zero. These ten impulses are received by the dial tester and translates on 
a scale into the number of impulses sent out per second by the dial. 

A Wheatstone bridge circuit is usually provided in only one of the test desk positions. This circuit 
is represented on the keyshelf by a cord and plug (WB) and key (No. 13), the key being used to set 
up circuit conditions for Varley or Murray loop tests, etc. The Wheatstone bridge is located in a drawer 
to the right of the position as indicated in Figure No. 2. 

The apparatus in the howler circuit mentioned above, as well as the apparatus in the sender circuit 
associated with each test cord circuit, is located on the desk sender frame which will be described later. 

9. Desk Sender Frame. 

A desk sender frame is provided in each full-mechanical office to mount relays, interrupters, sequence 
switches, rotary step-by-step switches, etc., associated with the following circuits: 

Trouble desk OGT test cord sender circuit 

Local test desk test cord sender circuits 

Trouble desk howler circuit 

Local test desk howler circuit 

Trouble and local test desk test cord circuit relays 
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District “all paths busy” interrupter circuit 
“A” switchboard trip circuit interrupters 
“A” switchboard flashing recall interrupter circuit 
Selector time alarm, circuits. 

Line-finder time alarm circuits 

Permanent signal holding line interrupter circuits 

Jack box interrupter circuits 

Flashing interrupter circuits for trouble desk lines 

Routine test time alarm circuits 

Other miscellaneous interrupter circuits as required. 

This frame is provided to mount power-driven apparatus which cannot possibly be taken care of 
in the desk units. It also serves as a sort of overflow for equipment that cannot be taken care of on the 
regular frames or in switchboards. 

9.1 Framework and Equipment. 

The desk sender frame is a single-sided frame and usually consists of one bay for mounting relays 
and a number of unit type fuse panels from which battery is fed to the various interrupter and other 
circuits located on the frame, and two bays arranged for mounting sequence switches, interrupters and 
step-by-step rotary switches, the latter being mounted at the top of the frame. Each frame is equipped 
with a motor for driving the sequence switches and interrupters. All the apparatus on the frame is 
wired by means of a local cable, and the leads requiring connections to associated circuits on the selector 
frames or in desks, switchboards, etc., are terminated on terminal strips located on the right side of 
the frame. These leads are extended to their proper destinations by means of regular switchboard 
cable. 

10. Repair Clerk’s Desk. 

A repair clerk’s desk is usually furnished in each full-mechanical office for handling trouble reports 
other than permanent signal reports. 

10.1 Framework and Equipment. 

The repair clerk’s desk consists of one or more unit card files and one or more unit writing shelves. 

The card file, in which the subscribers’ trouble report cards are kept, is square and is so arranged 
that the writing shelf may be attached to any one of the four sides. It has two compartments, the uppei 
one for filing active cards and the lower one for filing inactive cards. The upper compartment is pro¬ 
vided with adjustable bottom and adjustable separation strips which can be arranged to accommodate 
the size of cards required. The lower compartment is equipped with trays, a door being provided for 
gaining access to the cards. 

A writing shelf, at which the repair clerk receives all trouble calls, is provided for each clerk. Keys 
associated with the trunks, telephone set and miscellaneous circuits are mounted on a keyshelf located 
to the left of the writing shelf. Each position has a capacity for 15 trunks. An electric clock is pro¬ 
vided at each writing shelf for timing trouble reports. The apparatus for the telephone set is located 
below the writing shelf at the rear of the drawer which is provided for pencils, standard tiouble lepoit 
forms, etc. 

10.2 Location and Floor Plan Arrangement. 

In general, the card compartments and writing shelves are so set up that any one repair clerk can 
reach the maximum number of cards from her position and the cards can be forwarded to the testman 
with a minimum effort. A rectangular arrangement of units is most desirable where there are two or 
more repair clerks, since with an arrangement of this kind the card files are made readily accessible to 
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each of the repair clerks. This is important at a time of light load when one repair clerk will have to 
handle the entire card file. Typical arrangements of the repair clerk's desk are shown on Figures No. 3, 
No. 5 and No. 8 of Section VIII. 

10.3 Light Load Equipment. 

In the larger offices where more than 15 trunks are required, a cross-connecting rack and a key 
cabinet are provided at the light load position. The cross-connecting rack, which has a capacity for 
40 trunks and 10 positions, is located under the rear of the writing shelf. The key cabinet, which has 
a capacity for 30 trunks, is located on the top of the writing shelf in the rear right hand corner. With 
this arrangement the repair clerk at the light board position can answer calls on any one of the 40 trunks. 

10.4 Circuits. 

The following circuits are usually provided at the repair clerk's desk: 

Lines from the district or office multiple 
Lines from the final frame 
Lines to trouble desk 
Lines to the “A" board zero operator 
Lines to the commercial office 
Transfer key circuit 
Telephone circuit. 

10.41 Lines From the District or Office Multiple. 

The lines from the district or office multiple which terminate at 
lamps provide a means for a subscriber to report trouble on his line, 
the repair clerk's code. 

10.42 Lines From the Final Frame. 

These lines, which terminate in keys and lamps, are two-way trunks. They provide a means of 
communication with the repair clerk by dialing the assigned number. They are cross-connected to 
terminals on a line-finder frame and afford a means for the repair clerk to obtain a connection by the 
use of the dial furnished in his telephone circuit. 

10.43 Lines to Trouble Desk, Zero Operator and Commercial Office. 

These lines, which are key-ended, are two-way trunks between the repair clerk and the trouble 
desk, zero operator and commercial office, over which direct communication can be set up in connection 
with trouble reports and other official business. 

10.44 Transfer Key Circuit. 

A transfer key circuit is provided at the light load position of the repair clerk's desk. It is arranged 
to transfer some or all of the lines from the district or office multiple to key-ended trunks located in 
front of the last sender-monitor's position in the trouble desk. If all the lines are not transferred, the 
operation of the transfer key places a busy condition on the lines not transferred. These lines will be 
transferred to the trouble desk at times when there is no repair clerk on duty. 

10.45 Operator’s Telephone Circuit. 

The operator's telephone circuit in each writing shelf is wired to the trunk line keys in such a man¬ 
ner that the operation of any one of these keys will connect the telephone set to that particular line. 
The circuit is equipped with a flashing key for flashing on any line which is arranged for common battery 
supervision, a ringing key for ringing of lines which are arranged on a ring-down basis and a dial for 
originating calls on the lines from the final frames. 


the repair clerk's desk in keys and 
These lines are reached by dialing 
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10.46 Wiring and Location of Trunk Line Apparatus. 

The keys for all the trunk lines in each writing shelf are wired in such a way that any key may 
be connected to any type of trunk line. The relay equipments associated with the various lines, how¬ 
ever, are not wired universally, owing to their dissimilarity. These relays are mounted on the mis- 
cellaneous relay rack and are wired to the connecting racks at the repair clerk desk by means of switch¬ 
board cable. 

11. Traffic Desks. 

The traffic desks in a full-mechanical office consist of an assistant chief operator’s desk and a chief 
operator’s desk. In partially equipped offices only an assistant chief operator’s desk is usually furnished. 
In a fully equipped office both desks are generally provided. In the former case the assistant chief 
operator’s desk is used by the chief operator. 

11.1 Assistant Chief Operator’s Desk. 

The assistant chief operator’s desk generally furnished in full-mechanical offices consists of a flat 
top double-sided desk on which there is mounted a turret. This turret is arranged for key-ended trunks 
and jack-ended circuits on both the front and rear sides. 

The following key-ended trunk lines are provided and multipled to both sides of the turret: 

Two-way trunks from the final frame 
Two-way trunks to the local test desk 
Two-way trunks to the trouble desk 
Two-way trunks to the chief operator’s desk. 

The lines are used by the assistant chief operator on one side of the desk and by the clerk on the 
other side to receive and establish calls from and to the various desks and other destinations as required. 

The following jack-ended lines also appear in the turret: 

Monitoring lines to machine switching u A” switchboard operators 
Monitoring lines to cordless “B” operators 
Supervisors’ monitoring lines. 

These monitoring lines are furnished on one side or are multipled on both sides of the turret, depend¬ 
ing upon the telephone companies’ requirements. 

11.2 Operator’s Telephone Circuit. 

An operator’s telephone circuit equipped with a desk stand is provided for each side of the desk. 
Each circuit is equipped with a dial mounted on the desk stand, a cord for monitoring purposes, a flashing 
key, a transmitter cut-out key, and a key for connecting the monitoring cord to the telephone circuit. 
All the apparatus of the telephone circuit is located in the turret while the relays associated with the 
trunk lines are located on the miscellaneous relay rack. 

11.3 Chief Operator’s Desk. 

The chief operator’s desk consists of either a single or double-sided flat top desk, the size being 
more or less governed by the traffic requirements. A small key box with a capacity of three keys is 
mounted on the left end of each position of the desk and is equipped with the following lines: 

Two lines to the final multiple 

One line to the assistant chief operator 

One monitoring line to the assistant chief operator. 

A telephone circuit, equipped with a desk stand containing a dial, is furnished for each side of the 
desk and is wired to the keys in the key box in such a manner that the operation of a key lever will con¬ 
nect the telephone circuit to that particular line. The apparatus associated with the telephone set is 
located in a box mounted on the end of the desk. 


















Section VIII 

Building and Floor Plan Layouts 

1. Considerations in Planning Buildings. 

The following considerations enter into the planning of a building to be used for housing a machine 
switching telephone equipment: 

1.1 Building Shapes. 

The design should permit of future extensions to take care of growths of the equipment in an eco¬ 
nomical manner and without interruption to service. There is a substantial economy in erecting an initial 
building and extending it later. In the case of buildings housing manual equipments, the initial building 
is usually designed to take care of about an eight years’ growth, this being considered an economical 
period for which to build. It is probable that the same period may be considered as economical for 
machine switching buildings as well, since growths of equipment are essentially along the same lines 
whether mechanical or manual. 

No fundamental changes in shapes of telephone buildings have been recommended, due to the use 
of mechanical rather than manual telephone equipments. Buildings are in practically all cases either 
oblong, L-shaped, U-shaped, or in the case of very large buildings, of a court type, that is, built around 
a central court for light and ventilation reasons. Any of these building shapes permit of satis fact on 
equipment layouts, except that in the case of large court type and U-shaped buildings, where the wings 
are relatively narrow, it is often quite difficult to arrange for economical cabling layouts. In general 
an L or U-shaped building with a wide rectangular end towards the street is desiiable. The heavy 
cabled frames can be grouped together in the large rectangular section, the wings accommodating the 
lighter cabled frames, or the layouts can be so made as to utilize present or future wings as reserve for 
growth. Some of the telephone companies have found an oblong shape to be most desirable for use 
with small or medium-sized exchanges, the initial equipment being grouped in one end of the building, 
the ultimate equipment growing into the other end of the building or into a further extension of the 
oblong shape. 

1.2 Fire Protection. 

Provision should be made for protection against fire, this being facilitated primarily by the use of a 
fireproof type of structure, either steel or reinforced concrete. Safe and practical exits to the ground 
from each floor also should be provided. In certain cases, “smoke towers’’ are used, these being isolated 
stairways shut off from the building by fire-proof and smoke-proof partititions and doots, the entrances 
to the “tower” being easily accessible from all floors in case of fire. In case the building is subjected to 
a fire hazard from adjoining buildings, provision should be made for fire walls and fire-proof shutters 
over all windows and other openings in the exposed walls. 

1.3 Space Requirements. 

The building should provide suitable space for the operating room, terminal and apparatus rooms 
and operators’ and maintenance quarters. The number of operators required in a machine switching 
exchange being quite small, the size of the operating room and the amount of space required for operators’ 
quarters is only a small part of that required for a corresponding manual office. The amount of space 
saved on operating space is, however, more than counterbalanced by the space required in the terminal 
rooms for selector frames and maintenance facilities. The maintenance force required is considerably 
greater than that needed in a manual office. Quarters for such an increased force must necessarily be 
much larger. 
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1 he problem of providing suitable space to allow for the growth of the equipment is somewhat 
more complicated in machine switching than in manual offices, due to the greater number of growing 
units in such offices. In manual offices, provision need only be made for space for the growth of termi¬ 
nal equipment, the switchboard and operators’ quarters. In addition to these, consideration must be 
given in machine switching offices tvo providing space for the growth of the groups of the various types 
of frames. This will be discussed further in connection with floor plan layouts. 

1.4 Light and Ventilation. 

Provision should be made for suitable light and ventilation. The matter of light is quite important 
in the case of manual equipments, but it is doubly so for machine switching equipments due to the large 
amount of complicated apparatus requiring constant testing and accurate adjustment. Advantage may 
be taken to some degree of natural light by arranging the rows of selector frames perpendicularly to 
the lines of windows. Provision is, however, always made for artificial lighting in the form of over¬ 
head aisle lights as well as testmen’s extension lights at each frame. Anything that can be done in the 
layout of the building to better the natural light will materially improve maintenance conditions and is 
well worth considering. 

1.5 Floor Loads. 

The safe loads to be figured for floors in machine switching buildings are as follows: 

Terminal rooms, 175 pounds per square foot superimposed 
Apparatus rooms, 150 pounds per square foot superimposed 
Operating rooms, 150 pounds per square foot superimposed. 

The storage batteries required in machine switching offices are heavier than those used in manual 
offices. In case the batteries are located above the basement it may be necessary to provide reinforce¬ 
ment of the floor supporting them. 

In this connection the following table will give an idea of the approximate weights of the major 
frame units occurring in machine switching equipments: 


Frame 11 feet 6 inches high. Weight in pounds 

Line-finder (60 sel. with one line relay rack).3400 

District.3000 

Office.2600 

Incoming.3200 

Final.2900 

Translator.1800 

B-sender and sender-selector.2800 

Sender.2400 

District sender-selector.1900 

Make-busy. 650 


Motor generator charging sets with direct current motors, ranging in size from the M-6 (600 amp.) 
to the M-15 (1500 amp.) vary in weight from 6200 pounds to 19,000 pounds each. The same sizes of 
charging sets with A. C. motors vary in weight from 5700 to 13,000 pounds each. 

An average sized battery cell, the H-51, weighs 4320 pounds. Fifty-two such cells, required for the 
48-volt battery of a machine switching office, weigh 224,640 pounds or approximately 112 tons. 

In large offices, cells as big as the H-85 have been used. This cell weighs 8000 pounds, and a battery 
of 52 such cells weighs 416,000 pounds or 208 tons. From these figures it is obvious why batteries are 
usually placed in the basement of the building. 
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1.6 Ceiling Heights. 

The height of the main distributing frame determines the ceiling height of the terminal room in 
machine switching offices as in manual offices. In cases where the protector side of the main dis¬ 
tributing frame is away from the wall, the recommended minimum clear height under the floor slab is 
15 feet 6 inches, and under beams 15 feet. When the protectors are towards the wall, the height under 
the floor slab may be reduced to 15 feet, and to 14 feet 6 inches under beams. 

The desirable height for apparatus rooms is 13 feet under the floor slab and 12 feet 6 inches under 
the beams. The height of the operating room should be the same as for manual offices, a minimum clear 
height of 13 feet. 

1.7 Provisions for Bringing Equipment Into Building. 

Practically all the mechanical frames of a machine switching office are assembled, equipped and 
wired in the shop. They are then crated for shipment to the building in which the equipment is to be 
placed. In the case of selector frames only the sequence switch and relay bay wings are assembled and 
shipped in this manner, the center unit being shipped “ knocked-down ” for assembly by the installer. 
From 20 or 30 to several hundred such crates may be required for an equipment, depending on its size. 
Since these boxes may weigh up to 3000 pounds each, and are of various sizes up to 13 feet 6 inches by 3 
feet by 6 feet 6 inches, serious consideration must be given to providing a means of bringing them into the 
apparatus rooms. The most common method of arranging for the handling of such boxes is to provide 
windows of a suitable size on the street or alley side of the building through which the boxes may be 
hoisted by means of a winch and block and tackle. It is recommended that all the windows of telephone 
buildings be made 4 feet by 8 feet, since such a sized opening will permit the passage of the largest sized 
boxes on any side of the building. Such flexibility is of considerable value during installation, since 
the frames can be brought to their final locations with a minimum amount of handling. It is apparent 
that good facilities for handling frames will be of particular value on additions to equipments in service. 

As an alternative, frames may be handled on the building elevators, provided the dimensions of 
the elevator, corridors and door entrances to the terminal and apparatus rooms are made such that 
the largest sized boxes can be turned or up-ended. Usually it is impracticable to make such provisions 
in the building, due to the difficulty and expense of arranging elevator shafts, elevator cages, corridor 
turns and heights of doorways to proper dimensions. Moreover, the practice of hoisting large boxes 
on the outside of buildings and bringing them in through windows has proved to be so satisfactory from 
standpoints of economy and ease of handling, that it is doubtful whether interior hoisting can be proved 
desirable, except in very unusual cases. 

In Section X a table is given of the sizes and weights of the various shipping units which must be 
handled in the delivery of a machine switching equipment to the site. 

1.8 Provisions for Supporting Frames to Ceilings. 

During the construction of the building it is necessary to provide sockets or beam clamps in the 
ceilings of terminal and apparatus rooms. These sockets or clamps, in connection with flat bar details 
called “super-structure,” are used for supporting the upper ends of selector frames, distributing frames, 
relay and coil racks, and to provide hanger facilities for ladder tracks and for cable and conduit runs. 
The various frame units of a machine switching office are necessarily quite top-heavy, due to their shape. 
They are narrow from front to rear, long on the floor line and of comparatively great height, 11 feet 
6 inches, and great weight, varying from a few hundred pounds in the case of small frames to several 
thousand pounds. In view of these considerations it is essential that a strong and dependable means 
of support be provided in the ceilings of machine switching office buildings. This requirement is much 
more important in buildings intended to house mechanical equipments than in manual office buildings, 
since the adjustments of the mechanical equipment are in a large measure dependent upon the rigidity 
and accurate alignment of the frames upon which the apparatus is mounted. 
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Support is obtained through the medium of a ceiling network of parallel pairs of flat bars, these 
bars in turn being supported from the ceiling by means of beam clamps or sockets. 

In the case of steel buildings with tile or concrete arches, beam clamps of a type shown in Figure 
No. 1 are placed on the lower flanges of the ceiling beams at intervals of approximately five feet before 
the plaster is applied. During installation, pairs of parallel flat bars are attached to these clamps 
by means of bolts as shown in Figure No. 1, Sketch No. 2, and the frames requiring support are attached 
to these flats. 

In the case of reinforced concrete buildings there are no steel beams to which beam clamps could 
be attached. Supports for frames are obtained through the medium of “sockets” or “inserts,” which 
are attached to the ceiling forming boards on suitable centers before the concrete is poured. Figure 
No. 2, Sketches No. 1 and No. 2, show a view of the “Kneas socket” recommended for use in concrete 
buildings. This socket is provided with a detail known as the “Nedmore plug” for fastening it to the 
forming boards. During installation the plugs are removed from the sockets and five-eighths-inch 
bolts are substituted, to which are attached the parallel flat superstructure bars. 

The clamps or sockets should be located one foot or less from the walls or main girders and on 
approximately five-foot centers. The distance between centers should not exceed six feet. 

It is often necessary to provide support for frames or cable racks located between the wall and the 
first beam parallel to it. Where the distance from the beam to the point of support of the frame does 
not exceed three feet, the superstructure will, in general, require no additional support from the wall 
or ceiling. When this distance is exceeded, the installer will either extend the superstructure bars into 
the walls or will be given some other supplementary means of support. 

In Section IX the general arrangement of superstructure will be discussed in connection with figures 
illustrating typical layouts. 


1.9 MISCELLANEOUS BUILDING PROVISIONS. 


1.91 Protection for Columns. 

On account of the large number of rolling ladders required for working on frames and racks in ma¬ 
chine switching terminal and apparatus rooms, the corners of all columns in such rooms should be pro¬ 
tected from injury by the use of a commercial corner-bead, such protection to be placed at the time the 
columns are built. In the case of existing buildings, columns are protected by placing angle irons over 
the corners, holding them in place by strapping them together with flat bars. 

1.92 Cinder Fill for Power Rooms. 

In rooms where power equipment is located, a large number of heavy copper cables are required 
between the various charging machines, the battery fuse panel, the power board, and other power units. 
These are carried in suitable sized conduits in sizes up to about three inches in diameter, under the finished 
floor. It is customary to leave the floor in power rooms unfinished above the top of the floor beams 
until these conduits have been placed, after which the entire floor is filled in with cinders up to a uniform 
level that will bury all the conduits. The regular floor finish is then put on over the cinder fill. 

The finished floor level will range from six or seven inches up to 12 inches over the top of the floor 
beams, depending upon the sizes of the power equipment. The larger the equipment, the larger are 
the power units, and hence the larger will be the copper cables and the conduit and the layout. In cases 
where many bends and crosses are required in the conduit runs the fills must necessarily be deeper. 

Due to the fact that running power leads in a floor fill as outlined above slows up building work, 
it is recommended that all power leads be run on the ceiling below the power room, and brought through 
the floor to the power units as required. 



BUILDING AND FLOOR PLAN LAYOUTS 


10S 


2. Architect’s Plans. 

A complete set of architect’s building plans are required at the start of engineering of each machine 
switching equipment. These plans furnish data concerning construction details of the building and 
also the fundamental dimensions upon which the exchange floor plan layouts are based. Architect’s 
plans consist in general of the following: 

2.1 Floor Plans for Exchange Equipment and Frames. 

These plans give dimensions of all rooms, walls, partitions, columns, corridors, stairways, and 
elevator shafts, and locate and given dimensions of all windows and doors and such cable holes as may 
have been provided for. They also show the intersecting “base” lines—that is, imaginary intersecting 
lines at right angles fixed by markers placed in the floor at the time of construction, and determined 
by survey from the outside wall lines—from which all frame units and cabling layouts are located, and 
which the installer in turn uses to make all location measurements. 

2.2 Elevations and Floor Cross-Sections. 

These plans give the room elevations, that is, the clear ceiling heights under beams and girders, 
and heights under arches or ceiling panels. They also show the character of floor and ceiling construc¬ 
tion and give dimensions and information required in the cabling and conduit layouts. 

2.3 Steel Plans. 

These plans show the courses and sizes of all column, beam and girder steel. This information 
is essential in the locating of holes in floors and walls for cable and conduit. The location of all beam 
clamps are shown on the floor steel plans. In the case of reinforced concrete buildings an insert plan 
is furnished to show the location of the Kneas sockets in the ceiling panels. 

2.4 Lighting Plans. 

These plans show the location of all lighting outlets, sockets, risers, junction and pull-in boxes 
and the course of lighting conduits and are used in connection with the frame lighting layouts. 

2.5 Plumbing and Heating Layouts. 

These plans are not usually furnished, but are occasionally required when the course of pipes is 
such they must be avoided in cabling or conduit layouts. The locations of radiators are usually shown 
on the telephone company’s floor plan layouts, and the telephone company is requested to check cabling 
layouts for interference with piping at the time of completion of such plans. 


3. Information Shown on Western Electric Floor Plans. 

On receipt of architect’s plans covering the building construction and dimensions, the telephone 
company’s specification covering full information on all parts of the machine switching exchange, and 
the telephone company’s study plan outlining the general arrangement of equipment desired, the infor¬ 
mation required for a detailed floor plan layout is considered complete and steps are taken to make up 
floor plans which will give the following information: 

Wall, partition and column outlines and all building dimensions required as a basis for cabling 
layouts and those required by the installer in placing equipment. 

Cross-sectional elevations of all floors to show the ceiling heights under beams and under arches 
or ceiling panels between beams. 

Locations and dimensions of all mechanical frames, distributing frames, coil racks, relay racks, 
fuse panels, batteries, power machines, power boards, battery and distributing fuse panels, switchboards 
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and desks. All equipment is located from two “base” or “reference” lines, since to locate equipment 
from inside finished wall lines would introduce errors due to minor inequalities in building dimensions. 

Locations and dimensions of all cable holes. 

Width of all aisles and passageways. 

Names, numbering arrangement and fronts and rears of all equipment units and locations of frame 
drive motors. 

3.1 Arrangement of All Equipment Units. 

On all floor plans, whenever the available space permits, it is customary to arrange for a 25 per cent 
frame ultimate over and above the calculated traffic ultimate of the exchange, to take care of conditions 
which cannot be foreseen initially. 

4. FINAL FLOOR PLAN LAYOUT CONSIDERATIONS. 

4.1 Provision for Ultimates. 

As stated in Paragraph 1.3 of this section, the problem of arranging for ultimates is more involved 
in machine switching than in manual layouts due to the greater number of growing units. Provision 
must be made for the ultimate growths of groups of line-finder frames, district frames, office frames, 
incoming frames, final frames, various types of distributing frames, as well as the ultimate growths 
of the machine switching “A” board, cordless board, trouble desk and local test desk. 

There are two general arrangements of the equipment either of which may be used in laying out the 
floor plan. In the first, the frames and racks are arranged in lines across the room. In the second, 
the lines of frames and racks extend parallel to the length of the rooms. The first arrangement gives 
a somewhat better layout from the standpoint of cabling, maintenance, light and ventilation. It has 
the disadvantage, however, that where a small initial equipment is installed, a considerably larger amount 
of floor space must be provided to care for the growth than with the frames arranged in lines parallel 
to the length of the building. 

In order to provide the greatest amount of flexibility where the first arrangement is used the groups 
of frames are arranged, as far as possible, so that space reserved for growth in two groups occurs between 
the groups, that is, the initial installation for each group of frames is made at opposite ends of the space 
reserved for the ultimate frames in both groups, and the growth of the groups is toward each other. 
If the estimate for the growth of either group is low, the one underestimated may then grow into 
some of the space reserved for the other group. In case all the space estimated for the ultimate of 
the second group is required, it will be necessary to locate additional frames at the non-growing end 
of the group or in a separate group. 

Floor-plan layouts with the lines of frames extending parallel to the length of the building are not 
so satisfactory from the standpoint of cabling, light and ventilation. The disadvantages with this arrange¬ 
ment are, however, not prohibitive, and in many cases, particularly in the smaller offices with a small 
initial equipment, it is economical to use it on account of the smaller initial building required. 

4.2 Layout Involving More Than One Exchange Unit. 

In single-unit offices it is usually economical to provide a combined terminal and apparatus room.. 
In offices for two or more units, a terminal room usually will be provided for the main distributing frame 
common to all the units, that part of the power plant not located in the basement and the wire chiefs 
and test desks. An economy in cabling is obtained if the remainder of the terminal equipment, such as 
the intermediate distributing frame, relay rack, message register rack, etc., is lofeated near the mechan¬ 
ical switches with which they are associated. Accordingly, they are placed in the apparatus room 
rather than in the terminal room. 

All the mechanical frames for one unit may be located in one room or one room may contain a part 
of the frames for one unit or parts of the frames for two units, the principle factor determining the lay¬ 
out being cabling economy and ease in maintenance. 
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4.3 Relative Location of Groups of Various Kinds of Frames to Effect Cable Economy. 

One of the most important considerations in a floor plan layout is to arrange groups of frames 
relative to one another in such a manner that the lengths of heavy cable runs will be reduced to a mini¬ 
mum. If care is not taken in the layout many thousands of dollars of unnecessary expense can be in¬ 
curred by the use of arrangements involving uneconomical cabling. The following outlines briefly sum up 
fundamental rules that should be adhered to as nearly as possible in making floor plan layouts. Reference 
to the schematic layouts of the two machine switching exchanges of Section II will be of value in this 
connection. 

From a cabling standpoint, the line-finders should be located near the intermediate distributing 
frame and as nearly in line as possible between the intermediate and the district selector frames, since 
the subscribers’ lines are cabled from the intermediate to the line-finder frames and the line-finder and 
district selector circuits are linked together. 

The “A” coil rack should be located near the district frames as the cables are looped to the coil 
rack from the districts. It should also be as near as possible to the battery fuse panel in order to reduce 
the length of the main leads to a minimum. 

The sender-selector frames and the senders should be located together and as near as possible to 
the district frames. 

From a cabling standpoint, the office-selector frames should be near the main distributing frame, 
but from a maintenance standpoint it is of considerable advantage to have them near the district-selector 
frames. Since the cable runs from the office frames are comparatively light, they will usually be located 
adjacent to the district frames. 

The incoming selector frames should be near the final selectors and as near as possible in a line 
between the main distributing frame and the finals, since the incoming trunks are carried from the main 
distributing frame to the incoming frames and the trunks from the incoming frames are carried to the 
final selectors. 

The “B” coil rack should be located as near as possible to the incoming selectors and in line between 
the incoming frames and the main distributing frame, since some of the trunks are carried to the incoming 
frame by way of the “B” coil rack. 

The final selector frames should be located as near the intermediate distributing frame as possible, 
since the subscribers’ lines are multipled at the final frames. 

From a cabling standpoint, the “A” switchboard should be near the intermediate distributing frame, 
as the checking multiple is carried from this frame to the switchboard. 

The cordless “B” switchboard is cabled to the incoming frames and should be located as near them 
as possible. 

The frames mounting the “B” senders and the trunk-finders and sender-selectors associated with 
the cordless “B” positions are located in line with their associated incoming frames. In locating all 
cordless equipment it should be borne in mind that the initial equipment is usually the maximum amount, 
and that all but the switching trunk equipment will be removed or converted to full-mechanical use 
when the entire exchange district is changed from manual to full-mechanical operation. 

Where semi-mechanical equipment is installed at the “A” board for handling A-B toll calls, ^ the 
suburban district frames, the suburban cord-finder and sender-selector frames and the suburban “A” 
coil racks are located together and as near the “A” board as possible. 

From a cabling standpoint, the trouble desk should be located near the main distributing frame, 
since the trunks are bridged to the board from this frame. However, the trouble desk attendant receives 
the report of trouble and the 0. K. reports, and accordingly the trouble desk should be in the switch 
room. As the trunk cable runs are usually small, the maintenance advantage of having the trouble desk 






108 


BUILDING AND FLOOR PLAN LAYOUTS 


in the switch room will generally more than offset the cabling advantages gained by locating it near the 
main frame. 

In general, the same considerations determine the location of the power plant equipment in full- 
mechanical offices as in manual offices. The heavier storage batteries may make it desirable to place 
them in the basement to avoid reinforcing the floor's for supporting them. In such cases the charging 
machines and the power board for the charging control apparatus will also be located in the basement. 
It will probably be of advantage to locate the ringing machine equipment, together with the power board 
mounting the control apparatus for it, in the terminal room, so that it will be under the immediate super¬ 
vision of the wire chief. 

4.4 Drive Motor Economy. 

The annual charges on drive motors being quite high, selector frames should as far as possible be ar¬ 
ranged in pairs, so that drive motor economy may be effected by the use of the double-unit drive. It is 
often the case that the floor plans involving lines of selector frames containing odd numbers of frames 
may prove economical from a cabling standpoint but are not economical from a motor standpoint, in that 
an extra motor is required for each odd frame in each line. A comparison of the annual charges on the 
increased number of motors with the interest on the value of the cable saved will often result in the 
adoption of the floor arrangement giving motor economy. 

5. TYPICAL FLOOR LAYOUTS 

5.1 Layout of Brookline (Mass.) Aspinwall Full-Mechanical Equipment. (See Figures No. 3 and No. 4.) 

This is an average sized single-unit, three-digit equipment arranged with all lines of frames parallel 
to the length of the building. It will be noted that with this arrangement a very economical use of floor 
space is obtained, the ultimates of all the major groups of frames being provided by means of straight 
extensions into an ultimate building addition. It is, however, somewhat uneconomical to cable due to the 
long cable runs required. 

It is recommended that a thorough study be made of this exchange layout with a view to identifying 
on a specific equipment the various points brought out in the first part of this section of the equipment 
notes. 

5.2 Layout of Toledo (Ohio) Broadway Full-Mechanical Equipment. (See Figures No. 5 and No. 6.) 

This is a small sized two-unit, two-digit office, with the initial equipment of the first unit arranged 
in the front section of a future L-shaped building. The arrangement is somewhat congested due to the 
necessity of accomodating the equipment to the initial building. This layout should be studied with a 
view to determining where fundamental principles have been adhered to and where they have from neces¬ 
sity been a variation. It is also recommended that this layout be compared in detail with Figure No. 5, 
the schematic layout of this office, given in Section II. 

5.3 Layout of Germantown (Philadelphia) Full-Mechanical Equipment. (See Figures No. 7, No. 8, 

No. 9 and No. 10.) 

This is a fairly large three-digit equipment, the building of which is intended to house a three-unit 
ultimate. The equipment is laid out on three floors with the batteries in the basement. 

The first floor is a combination terminal and power room. A very good power room arrangement is 
shown, the motor generator sets lining up with the power board so as to permit of very short runs of copper 
cable. It should be noted that the battery control panel lines up with the power board and is located 
directly over the batteries in the basement. The M.D.F. is arranged for an ultimate three-unit growth 
and is located directly over the basement cable vault. The wire chiefs desk and repair clerk’s desk 
equipment, concerned with the maintenance of the outside lines and subscribers’ stations, are located 
near the M.D.F. for convenient access to the outside line terminations. 
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The apparatus room of the first unit and the machine switching maintenance equipment is located 
on the second floor front section and present wing. A certain amount of growth is allowed for on each 
of the various groups of frames,ultimate expansion taking place into the future second wing of the building. 
In this wing is shown the second unit I.D.F. and line-finder, district, office, and sender frames, the second 
unit incoming and final frames being located immediately above on the third floor. Study should be 
made of the frame layout of the first unit from a cabling standpoint (noting that the I.D.F. is on the first 
floor) and from a motor economy standpoint. The location of each motor is indicated by a conventional 
sign, consisting of an “M” with a circle around it. 

The operating room and operators’ quarters are located on the third floor. The third unit will 
be located on a future fourth floor. 













Section IX 

Cabling, Cable Racks, Rolling Ladders, 
Superstructure and Frame Supports 

1. Requirement for Switchboard Cable. 

In the layout and arrangement of a mechanical exchange it is impossible to mount all the central 
office equipment upon one framework structure. The number and types of the various pieces of appa¬ 
ratus and their function in the central office make necessary the use of a number of varying types of 
framework units, which are located in the terminal, apparatus and operating rooms, in accordance with 
the principles outlined in Section VIII. Since the equipment located on each of these framework units 
functions with the equipment on other units in varying relations, it is necessary that they be suitably 
wired together. To facilitate such connections from a manufacturing standpoint, the apparatus on 
each framework unit is wired together by means of a hand sewed “local” form. All leads in this local 
form which connect to apparatus located on some other frame, are run to a terminal strip connecting 
rack at the top of the frame. The leads to other frames are then carried in switchboard cabling on 
suitable cable racks, these cables being connected to the proper local form leads at the terminal strip 
connecting racks. Such an arrangement of wiring permits the assembly of certain portions of the frame¬ 
work units in the shop, with apparatus mounted in place and local form connections soldered. The 
switchboard cable is shipped either in bulk or in suitably measured lengths and is connected to the ter¬ 
minal strip connecting racks by the installer after being run in and sewed in place on the cable racks. 
Refer to Sections IV, V and VI, the figures of which show the frame wiring arrangements in detail. 

2. Kinds of Switchboard Cable. 

Figure No. 1 shows a table of the various kinds of standard switchboard cable, which may be speci¬ 
fied as required in the wiring of an exchange. These cables have been developed from time to time as 
dictated by circuit and equipment layout requirements. It has been possible in machine switching 
exchanges to use quite a number of the cables that have been developed for use in manual exchanges. 
It has been necessary, however, to design certain additional cables for machine switching equipments 
due to the fundamentally different frame arrangements of that system. 

The left-hand column of the table in Figure No. 1 lists the various cable codes, the other columns 
giving the following data for each cable: 

2.1 Size of the Cable—Outside Width and Thickness. 

This data is used by the cabling draftsman in calculating the dimensions of cable runs from which 
the sizes of cable racks required are determined. 

2.2 Number and Gauge of Conductors—Pairs and Single Wires. 

This data is required by the equipment engineer in order to determine the cable which should be 
used for any particular circuit or equipment arrangement. The transmission requirements of the circuit 
determine the gauge of wire to be used. 

2.3 Spare Pairs and Singles. 

Each cable is made up with a number of spare conductors to be used only in emergency in case 
any of the cable leads should become defective. 

2.4 Insulation of Conductors. 

The type of conductor insulation is reflected in the code number of the cable as follows: 
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2.41 

Code 16, 24, 65, etc. Cables of this series have double silk and single cotton conductor insulation, 
the wires being tinned. The cables of this series have been replaced by the 6000 series of enameled wire 
cables. 

2.42 

Cables may be had in the “ 1000 ” series (1016, 1024, 1070, etc.). They have a double silk and single 
cotton cover on black enameled tinned wire, and are used only for exchanges in humid climates where 
a very high degree of conductor insulation is required. 

2.43 

Code 6016, 6024, 6065, 6106, etc. (cables of the “6000 series”). They have a double cotton cover 
on black enameled tinned wire. Cables of this series are standard for use on manual and machine 
switching equipments and replace the cables of the tinned wire, DS and SC type (see Paragraph 2.41). 

2.5 Protective Covering of Cables. 

The covers of switchboard cables consist of the following: 

A double wrapping of cotton thread to hold the conductors in place after leaving the stranding 
machines. 

A wrapping of lead tape to provide insulation against moisture and to provide protection against 
mechanical injury. 

A braided cotton cover painted with a fireproof paint. 

Cables like the “6166” having a glazed cotton-braided cover are for use in running local cable 
leads from the connecting racks to the roofs of switchboard sections and are for miscellaneous use through¬ 
out the exchange as a substitute for leads usually run in hand-sewed power cables. 

3. Switchboard Cable Color Scheme. 

In the design of any switchboard cable it is essential that all wires be colored differently in order 
that it may be possible to distinguish at sight between all wires in a cable. It is necessary to provide 
some means of ready identification for all wires in cable at the time cables are installed, otherwise it 
would be necessary to test every lead before a connection were made in order to insure that the correct 
lead was being connected. 

Figure No. 2 shows the standard color scheme, carried out in the outside cotton wrapping of each 
conductor used in the design of the cables listed in Figure No. 1. This scheme is based on the use of 
five fundamental colors: blue, orange, green, brown, and slate, and their various combinations. In 
the case of pairs, the master wires use three colors: white, red, and black, and their various combinations. 
Each different colored pair, spare pair, single, spare single, triple and spare triple is assigned a number. 
The conductors required in a cable are specified in terms of these numbers. (Per A-12004, see Figure 
No. 2.) Thus a “6016” cable is made up of conductors as follows: 

20 pairs No. 1 to No. 20 per A-12004. 

20 singles No. 1 to No. 20 per A-12004. 

1 spare pair No. 1 per A-12004. 

2 spare singles No. 1 and No. 2 per A-12004. 

The “6070” cable is made up of conductors as follows: 

20 pairs No. 1 to No. 20 per A-12004. 

20 pairs No. 21 to No. 40 per A-12004. 

1 spare pair No. 1 per A-12004. 

1 spare single No. 1 per A-12004. 
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It should be noted that in the case of the “6070” cable any pair in the second series of 20 is dis¬ 
tinguished from any pair in the first series of 20 by means of the different colored master wire. This is 
necessary in order to permit distinguishing between pairs of wires pulled into the same fanning strip 
hole of a terminal strip, or brought out at the same stitch of a cable form. 

The color code as shown in Figure No. 2 should be studied in detail, noting how the various colors 
are employed in combination to obtain a maximum number of different combinations. 

4. Translation of Schematic Circuits Into Manufacturing Drawings. 

When a circuit ES sketch is received from the circuit designers, it is only schematic in form. In 
that form it cannot be used by the shop as manufacturing information. All such ES drawing sche¬ 
matics must be redrawn in the form of manufacturing T drawings, which will convey to the shop and 
installers all the information they need in order to wire the circuit in its place on the frame, switchboard 
or desk. 

Figure No. 3 shows a typical ES circuit schematic drawing. Figure No. 4 shows the corresponding 
manufacturing T drawing. These two drawings should be closely compared noting the information of 
a manufacturing nature that has been added on the T drawing as follows: 

Conventions of all apparatus to show arrangement of all terminals and contacts with 
suitable distinguishing designations. All pieces of apparatus, relays, sequence 
switches, etc., are shown from their wiring sides as they actually appear to the 
workman, which permits him easily to associate the various leads with the ter¬ 
minals to which they are to be connected. 

Gauges and colors of all wires and wire conventions to indicate whether leads are 
inside or outside the local foim. 

Leads in switchboard cable and arrangement and designation of terminal strip punch- 
ings at which such cables connect to the local cable leads. 

A stock list itemizing all apparatus used in the circuit, including terminal strips and 
cable. 

Circuit fuse arrangements. 

One of the most important duties of the equipment engineer is to analyze all the ES sketches re¬ 
quired for an equipment and to determine how and where all the required apparatus shall be mounted, 
and then to supervise the translation of the schematic circuit drawings into suitable manufacturing 
drawings which will show in detail the arrangement of wiring decided upon. 

5. Local Form Layouts. 

The engineer then prepares specifications to cover fully each type of equipment unit. (See the spe¬ 
cification list in Section I.) In these specifications are contained the wiring lists for the frame, switch¬ 
board or desk, specifying the number of circuits of each kind required, and the T drawing to be used for 
each circuit. These specifications also cover all framework required, as well as all the apparatus occurring 
in the circuits specified in the wiring lists, and constitute an order upon the shop for manufacture. 

In connection with the local wiring of mechanical frames and switchboards per the specification 
wiring list, it is necessary to specify the location and course of the various arms making up the local form. 
It is essential that the furnishing of proper space and supports for the local wiring be considered carefully 
in the design and layout of a frame, switchboard or desk, since it is obvious that a layout of apparatus 
and its supporting framework would be impracticable if it could not be wired. Accordingly, for each 
framework unit upon which apparatus to be connected by means of a local form is mounted, a local 
cable drawing of the nature of the one shown in Figure No. 5 is made up. This drawing shows the course 
of all arms of the local form, and being drawn to scale, shows the approximate dimensions of these arms. 
The dimensions are obtained by actually figuring the number of wires in each arm from the data given in 
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the specification wiring list. From a layout of this character, the equipment engineer determines that the 
unit can be cabled. This drawing is listed in the specification to which it applies for the guidance of the 
switchboard wiring department in the manufacture of the cable. It will be noted that no actual dimen¬ 
sions are shown, this being left to the shop which places such dimensions on its own manufacturing lay¬ 
outs. 


6. Switchboard Cable Requirements of a Full-Mechanical Equipment. 

Figure No. 6, Sketch No. 1, shows graphically the number of leads per circuit for which cable is pro¬ 
vided in a full-mechanical office. This sketch is a composite of the cabling information shown on the T 
drawings of the various specification lists, reduced to a “number of leads per circuit” basis. Knowing 
the number of circuits of each type required on a specific equipment, the number and sizes of cables re¬ 
quired can be determined. 

Figure No. 6, Sketch No. 2, shows graphically the major runs of cabling of a unit of 10,000 lines of 
full-mechanical equipment and is intended to convey general information in regard to: 

The number and code of cables in each of the major runs. The terminations of the 
ends of these runs on the terminal strips or banks of the various selector frames, or 
in switchboards or desks. 

This figure should be carefully studied in conjunction with the cable chart of Figure No. 1 and the 
layout of Figure No. 6, Sketch No. 1. It should be readily apparent that the size and number of these 
cable runs and the courses they must travel to connect the various frames involve considerable study and 
planning to insure the following: 

That the runs can be installed in the space available above the selector frames. 

That there will be no interference between the various cable runs, or between the runs 
and building outlines, service piping or lighting fixtures. 

That there will be room to place and support the various cable racks required. 

That proper space is provided for bends, drops and rises in the course of the cable runs, and that 
provision is made for turning cables off of racks onto the frames or into switchboards. 

That suitable cable brackets must be provided on all frames to which the cables can be 
tied and supported after leaving the cable racks. 

7. CABLING PLANS—PRELIMINARY 


7.1 Form of Information Furnished Cabling Draughtsman. 

From the various specification wiring lists and the various T drawings listed therein, the engineer 
itemizes the switchboard cabling required in a table of the following form: (Actual extract from cabling 
information prepared in connection with the line-finder frames of the Germantown (Phila.) equipment). 


Ult. No. 

Pres. 




Cables 

Cables 

Code 

From 

To 

Subscribers’ Line Ccts. 

T-431662 Figure No. 6 



500 

500 

6201 

H.I.D.F. 

Final Mult. Banks 





Frs. 1-20 

500 

500 

6024 

H.I.D.F. 

H.M.D.F. 

500 

500 

6074 

H.I.D.F. 

H.I.D.F. (Mess. Reg.) 

Message Register Ccts. T-431722 Figure No. 1 


Mess. Reg. Rack 

90 

60 

6066 

V.I.D.F. 


Flat Rate and Message Rate Line Ccts. T-431426 Figure No. 1 

255 225 6070 Line Relay 

Frames 


V.I.D.F. 


(Line Relay Frames 10, 11, 14 to 26) (Ult. 10-11-14 to 26 & 30-31) 
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Ult. No. Pres. 

Cables Cables Code From To 

Coin Box Lines T-431426 Figure No. 1 

30 30 6016 Line Relay 

Frames V.I.D.F. 

(Line Relay Frames 12 & 13) 

Two Party Mess. Rate Lines T-431622 Figure No. 1 

180 135 6106 Line Relay 

Frames V.I.D.F. 

(Line Relay Frames 1 to 9) (Ult. 1 to 9 & 27 to 29) 

Line-Finders Flat Rate and Individual Message Rate T-431432 

150 136 6106 Line-Finders T.S. Dist. Selector T.S. 

(L.F. frames 7-8-11-12-15-16-19-20 to Dist. Fr. 3-6-10-11-14-15-16-17) 

(L.F. frames 13-17-18-21-22 to Dist. Fr. 1-2-13-18-19) 

14 13 6074 L.F. frame front to L. F. frame rear 

2 6024 Tie Cables—(L.F. 53 & 57 frames 22 to 

19 & 59 on fr. 22) 

(L.F. 2 & 4 on 22 to 20860 on fr. 21) 


Line-Finders—Coin T-431625 

24 14 6219 L.F. frame T.S. Dist. Sel. Fr. T.S. 

(L.F. fr. 9 & 10 to Dist. Frame 8 & 9) 

2 2 6074 LF. fr. front to L.F. fr. rear 


7.2 Considerations in Layout of Cabling Plans. 

On receipt of the cable list prepared by the engineer, and itemizing all cables required for the exchange, 
the cabling draftsman proceeds to lay out to scale the course of each of the cable runs, using as the basis 
for his layouts the floor plans of the exchange previously laid out in accordance with the principles out¬ 
lined in Section VIII. 

These layouts take the form of plan views of every part of the exchange in which cables are run, the 
outlines of the runs being shown in their relation to all framework units and building outlines. Formerly 
elevation drawings were made, these being section views taken through the apparatus and terminal rooms 
at various points, intended to show the elevations of cable runs at various points as required. The ele¬ 
vation drawings are now dispensed with except in special cases, the locations of the runs above the floor 
line being shown by placing the elevation dimensions on the plan view drawings. This step was taken in 
order to economize on the drafting labor involved in making cabling layouts. Even with this saving, 
the effort involved in making the cabling layout of an average machine switching exchange is very much 
greater than that involved in making a similar manual exchange layout. 

The cabling plans also include drawings showing section views of all cable runs at various points as 
required, these sections showing the pile-up and numbered arrangement of the cables of each run and also 
the outline of the ultimate size and shape of each run. These sections also show the width, height and 
cross-section details of the cable rack required for each run. 

The following general precautions are observed in laying out cable plans: 

Cable runs should be located in relation to one another, to frames or to walls in such a 
manner that the installer will have proper working access to them, both on the 
original installations and in the case of additions. An 18-inch clear space at the 
working side of the rack is usually considered necessary. 

A space of at least six and one-half inches should be allowed above the ultimate pile-up 
of each run in order to provide hand room for the sewing of cables. 
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Cable runs should be located sufficiently high above the frames to permit free access 
to the upper terminal strips, relays and other apparatus. 

Cable runs should be arranged so that high enough ladders can be provided to permit 
ready access to the equipment on the frames. 

Architect’s plans are considered in connection with the layout to make sure that cable 
runs passing near a wall are not located below the tops of windows, transoms or 
dcors, and do not interfere with wall type radiators, ceiling radiators, steam risers, 
ventilation ducts, or runs of service piping or conduit runs. 

The placing of runs in operating and rest rooms and offices is avoided as far as possible. 

When this is done the cable run and rack are usually enclosed by a wooden casing 
of a suitable design. 

No runs are placed in battery rooms on account of the corrosive action of the acid fumes 
and the danger of metal scale dropping into the batteries. 

Right of way is given to the larger runs for reasons of economy. 

Final appearance, proper functioning of runs at both ends and feasible cable rack 
design are of importance and are given due consideration in layouts. 

Cable runs are, in practically all cases, sewed to the cable rack. However, when sewed runs have 
a greater cross-section than 72 square inches and extend vertically for more than 15 feet, extra precau¬ 
tions are taken to support the cables, since their weight would cause them to settle or sag away from 
the cable rack. In such cases special cable racks are used, these being provided with suitable clamp¬ 
ing details. 

Due to the number and size of the preliminary cabling drawings it is not possible to include exam¬ 
ples in these notes. Figure No. 7 however, shows in a graphical fashion the general plan followed in 
cabling a machine switching equipment, and will give an idea of how the cable runs feed into the lines 
of frames from the main aisles, and how they are carried through holes in the floors and ceilings to frames 
on other floors. Figure No. 7 shows the general arrangement of cabling for the Germantown (Phil¬ 
adelphia) full-mechanical equipment. 

8. Cable Racks. 

On completion of the cabling plans in their pencil form, information is available which will permit 
proceeding with the design of suitable cable racks of the type and sizes indicated on the cabling plan 
cross-sections. Cable racks are designed to carry the ultimate cabling layout of the exchange. 

Cable racks are usually constructed of transverse U-shaped straps for supporting the cables, riveted 
to two supporting stringers located on the inside legs of the straps. This construction may be supple¬ 
mented by uprights, third stringers, pins, clamps with stud nuts, or threaded rods, as indicated in the 
cross-section of the particular cable run. (See Sketch No. 1 of Figure No. 8.) 

The standard widths of cable racks vary in even inches, ranging from four inches to 1 foot 10 inches, 
and the racks are of the standard cross-sections shown in Sketch No. 1 of Figure No. 8. Racks wider 
than 1 foot 10 inches usually require special construction to eliminate the sag of the straps due to the 
weight of the cables. 

For convenience in manufacturing and shipping cable racks, they are built in sections at the shop 
and are assembled at the central office. As a further convenience in designing and manufacturing the 
racks for specific equipments, the component parts of these sections and the assembly of the sections 
are standardized, and are assigned piece part and T drawing numbers respectively. T drawings have 
been made of these partial assembly cable racks in widths ranging from four inches to one foot 10 inches 
in increments of one inch, as follows: 

Straight racks, in lengths ranging from nine and one-half inches to six feet two and 
one-half inches, with straps on six and one-half inch centers. 
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Inside turns, where the stringers are bent on edge, and the straps are on the inside of 
the turn; outside turns when the stringers are bent on edge and the straps are on 
the outside of the turn; flat turns when the stringers are bent on flat either right 
or left, each type of turn being carried out for the varying widths of racks in 
angles of 30, 45 and 90 degrees. 

Cable rack drawings are made up for all the racks of a particular equipment and they may be com¬ 
binations of the standard piece parts and partial assemblies or combinations of standard and special 
parts or they may be entirely special. These drawings are made up for manufacturing and installing 
purposes and should show the following: 

Plan views and the necessary elevations for clearness. 

Necessary dimensions for manufacture in the shop. 

Dimensions for computing cable measurements. 

Dimensions for properly locating the cable rack with reference to the apparatus it is 
to serve, or to other racks, as in the case of passing through cable holes. 

Sketch No. 2 of Figure No. 8 is a specimen drawing of a cable rack composed of partial assembly 
sections. It shows the dimensions required for the various formations of cable racks, and the conven¬ 
tions used in showing and naming them. 

The cable rack specification No. 72 itemizes and orders all necessary cable racks, cable hole sheath¬ 
ings, rolling ladders, hanger material and cable rack casings and contains all notes covering work to be 
done by the installer when installing this material. 

9. Method of Ordering Cable. 

On completion of the cable rack drawings information is available from which the lengths of the 
various kinds of cables may be computed and ordered from the shop through the medium of the No. 71 
specification. Switchboard cable, considered from an installing standpoint, falls into two general classes, 
bulk cable, which is shipped to the exchange on reels, run onto the racks from the reels and cut to length 
by the installer, and figured cable, which is furnished the installer in ready cut lengths, one end being 
formed and soldered to apparatus such as terminal strips, jack and lamp strips, etc., or merely formed 
for connection to apparatus by the installer, the other end being formed and soldered in place by the 
installer after the cable has been run in and sewed in place on the rack. 

Bulk cable is usually furnished for all small or miscellaneous cable runs, while large runs are usually 
figured, cut to length and one end formed and soldered in the shop. The object of this procedure is to 
do as much of this class of work as possible before shipment. In general it costs very much more to do 
the same class of work at the exchange than in the shop, since in the shop every possible facility is at 
hand for rapid specialized work, operations being conducted on a piece work basis, using different men 
for the successive different operations. Each is highly trained in his particular specialty. 

In the “71” specification, for each equipment are itemized the totals of bulk cable required of each 
code and the lengths of each of the cables of all figured runs, together with full information for the shop 
in regard to the forming and soldering of all such measured runs. 

10. Rolling Ladders. 

Provision must be made in exchanges for reaching apparatus and wiring for purposes of mainte¬ 
nance and inspection, such provision almost invariably taking the form of a rolling ladder, except in the 
case of the vertical side of the main frame, where generally an iron mezzanine platform is installed the 
entire length of the frame with suitable iron staircase approaches. Such ladders are furnished in all 
aisles as required to provide access to the fronts and rears of all types of mechanical frames, distributing 
frames, relay racks, coil racks, and fuse boards. 

Figure No. 9 shows the No. 2 Putnam ladder which is being furnished in machine switching ex¬ 
changes. 





118 


CABLING, CABLE RACKS, ROLLING LADDERS , ETC. 


Ladders in practically all cases are furnished 14 inches wide. When the available space for the 
ladder is quite small, narrower special ladders are furnished. Ladders must be of such height that 
ready access may be had to equipment on all parts of the frames. 

11. Superstructure and Frame Supports. 

Figure No. 10 shows a typical layout of “single level” superstructure, such structures being re¬ 
quired to support and brace machine switching frames, racks and cable racks. The superstructure is 
hung from beam clamps or ceiling inserts. (See Section VIII.) 

This drawing should be studied carefully and the following noted: 

Location of beam clamps or sockets in ceiling panels. 

Course of “main” bars attached to clamps or sockets and relation to the axis of lines 
of frames. 

Course of “intermediate” bars attached to main bars and relation to the axis of lines 
of frames. At present the selector frames are supported to the intermediate 
bars at the ends of the center unit of each selector frame. To effect the above 
arrangement, the clamps or sockets are lined up in the ceiling panels in both 
directions when the building is under construction so that it will be possible to 
take care of a layout of frames either along the length of the apparatus room or 
across it. 

Method of joining together the main and intermediate bars. The “single level” 
superstructure layout shown makes use of a rather complicated fish-plate con¬ 
struction, and is resorted to in order to economize cabling space above the frames. 

Where cabling space is amply provided for, a “double level” system of super¬ 
structure will be provided, the intermediate bars in this case running at a two-inch 
lower level under the main bars, and being supported from the main bars by 
means of bolts and clips. 

Method of running superstructure under ceiling beams as shown in Sections E, F, 
and G of Figure No. 10. 

Figure No. 11 shows the method used for supporting selector frames (district, office, incoming, 
final, etc.) from the intermediate superstructure by means of angle details which attach to the angle 
and channel uprights of the frame at the corners of the frame center unit. 




Section X 

Manufacturing, Shipping and Installing Phases 

1. Plan for Providing Manufacturing Capacity. 

The decision to introduce machine switching equipment into the Bell operating field has been fun¬ 
damental and far reaching in its effect on the Western Electric Company manufacturing organiza¬ 
tion, in that manufacturing arrangements, as set up for definite yearly outputs of manual equipment, 
had to be completely changed to take care of the fundamentally different mechanical equipment. I he 
preceding Sections of these notes have described machine switching equipment in detail, comparisons 
being made, wherever possible, to corresponding manual equipment. From these data it is apparent 
that mechanical equipment differs fundamentally from manual central office equipment m the types of 
framework and apparatus, wiring arrangements, and the quantities of equipment required. To pro¬ 
duce this equipment it has been necessary, therefore, to make correspondingly radical changes in t le 
manufacturing organization, in building capacities and floor space arrangements, and in machines, 
tools and miscellaneous manufacturing equipment. 

Manufacturing capacity is always provided on a very definite basis. After the design is com¬ 
pleted by the Engineering Department, the General Sales Department specifies the annual production 
of each piece of apparatus or framework, for which manufacturing facilities are to be provided. Upon 
receipt of this information the Manufacturing Department conducts the necessary studies to determine 
accurately the floor space, machines, tools and miscellaneous equipment required. As a result of this 
procedure, the Hawthorne works is not, as might appear to the casual observer, simply a large group 
of buildings filled with a great many types of machinery which will turn out any product in almost any 
quantity, but is a large collection of carefully planned departments which have the exact capacity tor 
manufacturing our products at the specific yearly rates called for by the Sales Department. This plan 
of maintaining definite capacities involves very careful study and plannmg to determine just what 
additional plant and equipment will be needed for the manufacture of a new product. 

From a manufacturing standpoint, the problem of getting ready for production of machine switch¬ 
ing equipment on a quantity basis was a very large one because of the great number of new tyP es ° 
apparatus and the large amount of apparatus to be manufactured. Much of the new apparatus dif¬ 
fered materially from any previously produced in quantity and required working to closer limits than 
had heretofore been attempted in connection with manual apparatus. The problem was further com¬ 
plicated by the fact that the program called for a reduction in the present manufacturing capacity tor 
a very large number of types of manual apparatus, and the floor space and equipment thus released 
had to be considered in providing for the manufacture of the machine switching apparatus. 

The first step in this study, that of obtaining information regarding the types and quantities of 
machine switching apparatus for which capacity should be provided, and the types and quantities o 
manual apparatus for which a reduction should be made, was carried out as follows. 

The Engineering Department prepared a list of the estimated quantities of all types 
of machine switching apparatus required for a 10,000-line unit of three-digit 
equipment, and a similar list for a 10,000-line unit of two-digit equipment. These 
lists were prepared as early as possible during the engineering stage of the first 
mechanical equipments on the schedule, and were revised and reissued at regular 
intervals in order to incorporate changes in apparatus requirements due to new 
developments. 

From these lists of apparatus estimates, the Sales Department prepared manufacturing 
authorizations for each of the various kinds of machine switching apparatus, the 
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totals being arrived at by multiplying the base figures of the lists by the author¬ 
ized yearly output of exchange units of 10,000 lines each. The Sales Depart¬ 
ment also authorized the reductions to be made in capacities for manufacturing 
manual equipment. 

The Manufacturing Department then analyzed these manufacturing authorizations, originated 
orders for the necessary raw material and piece parts, and, after the preparation work on the new ap¬ 
paratus had been completed by the Technical Branch, scheduled production and provided facilities 
for the handling and storing of all materials. The machine switching system involves the manufacture 
of about 200 new pieces of apparatus, which are made from approximately 3,000 different piece parts, 
requiring about 36,000 manufacturing and inspection operations. The reduction in the manual capac¬ 
ity resulted in the decrease in the annual demand for 30,000 different piece parts involving about 270,000 
manufacturing and inspection operations. An idea may be gained from this of the immense amount 
of study and planning that w r as necessary in order to place the manufacture of machine switching equip¬ 
ment on a proper basis. 

The quantity and cost of the machine and tool equipment needed were determined by resolving 
the various types of apparatus assemblies into the piece parts of which they are made, deciding upon 
the operations for making each part and the approximate output which could be obtained from each 
operation. This data made it possible to determine the time required on each type of machine to make 
the total quantity of parts affected. A calculation of the total machine hour capacity for each type 
of machine for each department, determined what additional machines were required. The quantity 
of parts of a kind to be made and the permanency of the apparatus design were factors determining 
the type and number of tools to be used. 

The additional floor space needed for each operating department was determined from the addi¬ 
tional machine equipment required. The additional floor space required for the inspection depart¬ 
ments, store rooms and offices was then determined by increasing the size of the existing departments 
by the same percentage that the operating departments were increased. By summing up these require¬ 
ments the total increase in floor space was determined. The increased needs in power plant equip¬ 
ment were determined by calculating the power required to drive the additional machines and for light¬ 
ing and heating the new buildings. The additional floor space required is being obtained by the con¬ 
struction of five new buildings providing an addition of approximately 330,000 square feet of floor space. 

2. Training of Personnel for Manufacturing Departments. 

Machine switching apparatus is much more intricate than manual apparatus. It requires such a 
high degree of accuracy in its manufacture that it has been necessary for the shop to train its operators 
along entirely new lines. The fundamental nature of the work done in the various departments is 
not changed. The iron work department continues to manufacture and assemble iron structures, but 
selector frame structures replace section structures to a great extent. The switchboard wiring depart¬ 
ment continues to make local forms, but selector frame forms practically replace section forms. The 
apparatus sections still manufacture and assemble apparatus, but they make sequence switches, stepper 
switches, banks, multiple brushes, etc., instead of jacks, plugs, cords, etc. In practically all cases the 
new equipment manufactured is entirely different in its nature and requirements. In addition to being 
more difficult to make, assemble and adjust, it is entirely strange to the operators and had to be learned 
by them from the ground up. 

In the training of personnel for wiring departments, with a nomenclature used for years, it has 
been comparatively easy to explain the operation and use of cords, plugs, jacks, etc., and to visualize 
how a connection is established when an operator inserts a plug in a jack. With the machine switch¬ 
ing frames it has been necessary to teach the operators a totally different nomenclature, and the rela¬ 
tion of the frames to each other and the establishing of a connection are not nearly so easily visualized. 
The result is that the meaning of the operations performed in the shop is not as intelligible to the work- 
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man as is the case with manual apparatus. The same is true to a greater or lesser extent with all the 
other operating departments concerned with the manufacture of the mechanical equipment. 

One of the most troublesome phases of the training problem is the requirement of a much greater 
proportion of highly skilled operators in each operating department, since the necessity for meeting 
closer manufacturing limits has required that the shop adopt methods of manufacture and testing which 
are more exacting than any that have been demanded of them heretofore. In a large number of cases 
it has not been possible to hire operators capable of doing the work, this being particularly true in the 
case of tool and die makers and the operators needed to set up and maintain the fine adjustments of the 
various machine tools. It has therefore been necessary for the Manufacturing Department to train 
its own operators for the finer grades of work. 

3. Requirement for Tools, Assembly Fixtures and Gauges. 

The following outlines briefly the various major steps taken in planning for the manufacture of a 
new piece of apparatus on a quantity basis: 

(a) Design furnished by the Engineering Department in the form of an Engineering 
Description and an M specification and associated apparatus drawings, which 
specify the engineering requirements to be met by the Manufacturing Department . 

(b) Preparation by the Manufacturing Department of apparatus assembly and piece 
part drawings after the manufacturing features of design have been settled. Pre¬ 
paring these drawings involves the settlings of “tolerances” or permissible manu¬ 
facturing variations, which will insure interchangeable assembly. 

(c) Specialists on manufacturing methods decide upon the sequence of operations, 
and the machines and tools to be used which will give the most economical pro¬ 
duction taking into consideration the yearly demand, manufacturing tolerances, 
and engineering requirements. As many duplicate tools and machines are required 
as are needed to manufacture the number of parts demanded by the yearly 
schedule. 

(d) The number of assembly, adjusting and testing fixtures and gauges required, 
decided upon. Each piece of apparatus made is inspected and tested for every 
requirement specified by the Engineering Department, if the requirement test is 
not a destructive one. The number of different adjusting and testing fixtures 
and gauges is therefore practically controlled by the engineering requirements 
for the apparatus. 

The multiple brushes of the types shown in Figure No. 1 afford a good example of the planning work 
required for a piece of machine switching apparatus. This comparatively small piece of apparatus 
requires the manufacture of 34 different piece parts, six partial assemblies and four final assemblies. 
The 44 layouts required in the manufacture of these brushes involve 530 manufacturing and inspection 
operations. 

For the manufacture of these brushes on the yearly basis decided upon by the Sales Department, it 
was necessary to issue 185 tool orders, covering more than 1,000 tools of 140 different designs. This 
covers only the special tools which had to be made and does not include small standard tools which are 
purchased, such as drills, milling cutters, saws, etc. 

Figure No. 2 gives a graphic idea of the quantity of special tools required to manufacture the mul¬ 
tiple brushes, shown in Figure No. 1, on a basis of 100,000 lines per year. 

The manufacture of all pieces of apparatus on the yearly basis decided upon by the Sales Depart¬ 
ment required about 36,000 operations, necessitating the ordering of approximately 20,000 tools. It 
also required the setting of about 15,000 piece rates. 
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4. Machine Equipment. 

To meet the production requirements it was necessary to add about 650 machines to the plant 
equipment. About 200 of these machines were designed and built by the Manufacturing Department 
in order to meet the special requirements of the work. The remainder of the machines were purchased 
from outside machinery manufacturing concerns, in agreement with specifications prepared for practi¬ 
cally eveiy type of machine. The preparation of such specifications was necessary in order to make sure 
that the machines purchased would fulfill the desired requirements. It was found that in many cases 
the product could be more economically manufactured by altering the standard designs of the machine 
suppliers. Also since the Manufacturing Department follows the practice of motor-driving all new 
machines installed, and as many of the standard machines on the market are not arranged for motor¬ 
driving, it was necessary in such cases to design suitable drives and either have the manufacturers equip 
the machines or make the necessary alterations so that it could be done at Hawthorne. 

5. Division of Work Between Factory and Installation Branch. 

A large amount of planning work is being done in regard to arriving at the most efficient division of 
work between the factory operating departments and the installers. As previously stated in these notes, 
work can be done much more quickly and economically in the factory than on the installation site. It 
is highly desirable that as much of the work pertaining to the final assembly of the various machine 
switching units be done in the factory as possible, since this reduces the installation time. This in turn 
permits of earlier cutovers, which means that the Telephone Companies will be enabled to meet increases 
in traffic requirements more promptly. 

Probably the most important work being done in the factory along these lines is the complete assem¬ 
bly of the end “wings” of selector frames before shipment. 

Figures No. 3 and No. 4 show the end unit of a district frame, comprising the sequence switch and 
relay bay framework, set up on the floor of the switchboard wiring department completely equipped with 
sequence switches, relays, terminal strips, condensers, jack box, sequence switch drive shafts and driving 
discs, and local cable, all wiring connections to the apparatus being permanently made, the arms to the 
apparatus located in the central unit of the frame, such as the clutches and commutators, being left dis¬ 
connected for connection by the installer. 

Figure No. 5 is a view of a floor of the switchboard wiring department showing a number of these 
end units in process of assembly. 

The end units of the following double-sided selector frames are assembled and wired in the shop 
before shipment: 

District frames 
Office frames 
Incoming frames 
Final frames 

B sender and sender-selector frames. 

The various single-sided frames listed below are assembled and wired completely in the shop before 
shipment, the relay cabinets on the various sender frames, however, being shipped separately: 

Sender frames of various types 
Make-busy frames 
Traffic message register racks 
Alarm equipment frames 
Routine testing frames. 

As in the case of manual equipments, all sections and desks are wired and fully equipped except for 
the equipment in panels of panel-type sections. 

Considerable development work has been done in the way of designing a rigid selector frame central 
unit that will withstand the shocks and rough handling of long distance shipment by freight. 
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Figure No. 6 gives an idea of the lines along which this development is proceeding. 

In the design of frames for machine switching equipment, one of the considerations borne in mind is 
the providing for framework and equipment arrangements that will permit of either partial or full assem¬ 
bly and wiring in the shop, and that will permit of feasible shipping arrangements. This consideration 
very frequently has a fundamental bearing on frame design since the limiting of a frame to about five feet 
on the floor line—a frame unit about 5 feet by 11 feet 6 inches makes about the maximum sized shipping 
package that can be handled without resorting to extraordinary expense in shipping methods—neces¬ 
sarily limits the number of circuits and the amount of equipment that can be placed on a framework unit. 

Figures No. 7 and No. 8 will give an idea of how a selector frame shipping unit is packed. The unit 
shown in Figure No. 3 is rigidly braced by means of channel, bar and angle iron members. These in turn 
are securely fastened to the base of the packing case, after which the top, sides and ends of the packing 
case are added. Note the heavy skids on which the case may be slid or moved along on rollers. 

Figure No. 9 gives the dimensions and weights of the various packed selector frame shipping units 
occurring on a machine switching equipment. In order to gain a conception of the shipping problem 
involved in the forwarding of the assembled frames of a machine switching equipment, it is suggested that 
the number and total weight of the shipping units be calculated for the Germantown (Philadelphia) 
equipment, the floor plans of which are shown in Figures No. 7 to No. 10 inclusive of Section VIII. 
In this connection, refer to Paragraph 1.7 of Section VIII which discusses provisions for bringing equip¬ 
ment into the telephone building. 

The line switch and district sender-selector units described in Section IV are completely assembled 
and wired in the shop before shipment. The installer mounts the units on the frame uprights and 
connects the inter-frame and unit-to-unit multiple switchboard cables. 

The multiple slip cabling and local forms between banks of district and office frames are wired to their 
associated terminal strips before shipment, the installer merely completing the connections at the banks. 
In this connection see Paragraph 4 and Figure No. 8 of Section IV. 

Figure No. 10 shows a demonstration model of the trunk relay rack equipment of two groups of 
10 call-indicator trunks, arranged for wiring in the shop prior to shipment. Past practice has been to 
ship the apparatus on mounting plates, the installer placing this equipment on the trunk relay racks, 
then forming the switchboard cables into the apparatus by means of an elaborate forming board, after 
which all the connections were soldered. With the arrangement shown in Figure No. 10, all the forming 
and soldering is done in the shop with the equipment for 10 trunks as a unit. The wiring for each circuit 
is made up into a separate local form as shown, the leads to be carried in cable being terminated on a 
terminal strip at the top of the unit. The apparatus, local forms and terminal strips for 10 circuits are 
then completely assembled as a unit in the shop and shipped to the installation, where the installer merely 
fan-forms and solders the cables to the terminal strips. On the old basis, the making of trunk relay forms 
required the highest grade of installing labor. On the new basis, low grade labor can be employed both 
in the shop and on the installation, and moreover practically all the work can be done as a bench job in 
the shop. It is anticipated that this class of work will be done in the shop in the future in the case of 
both manual and mechanical incoming trunk installations. 

The above mentioned cases are merely outstanding examples of instances where work is being done 
in the shop rather than on the road, the net result of this procedure being very appreciable economies 
in production costs and appreciable shortening of installation time. 

6. Packing and Shipping of Mechanical Equipment. 

Due to the use of many new kinds of apparatus and equipment units in connection with mechanical 
equipments, it has been necessary to design many hundreds of new packing boxes, cartons, and shipping 
cases of various shapes and sizes, examples of which are the long narrow boxes used for shipping brush 
and trip rods and the immense packing cases used for shipping assembled selector frame units. The 
design of each of these boxes has involved a close study of the nature of the equipment being shipped so 
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that suitable provision can be made for protection against mechanical injury and the throwing of equip¬ 
ment out of adjustment during shipment, and has involved numerous trial shipments. The larger and 
the more intricate shipping cases are very expensive. It has been found economical to reuse them for 
shipments to more than one office. 

7. Installation Phases. 

The transition from manual to machine switching equipment has created problems for the Installa¬ 
tion Branch which are similar to those of the manufacturing organization. The installation of a mechani¬ 
cal equipment requires a longer time than is the case with a corresponding manual equipment. It is 
larger, infinitely more complicated from both a mechanical and a circuit standpoint, and the engineering 
requirements that have to be met are extremely exacting. More men of a higher grade are required, 
the installing personnel problem being almost exactly parallel to that of the manufacturing organization. 
7.1. Operation Cards. 

In the case of manual equipments, the installer’s every action is guided by means of detailed installing 
instructions, commonly referred to as “D.I.Fs”. A copy of these instructions is furnished the installers 
on each equipment. The assembling of detailed information covering every phase of installation work 
into compact and convenient reference form and the establishment of a system for keeping these instruc¬ 
tions up to date has been the work of years of painstaking effort. 

It is obvious that the bulk of these instructions cannot apply to mechanical equipment. Accordingly, 
a complete new set of instructions covering the detailed steps to be taken in installing machine switching 
equipments is now being compiled by the Installation Branch. As may be realized, this is a task of very 
large proportions, further complicated by the fact that in general no past experience is available, the 
experience having to be gained by trials and experiments in connection with the first mechanical installa¬ 
tions. The installation people are issuing so called “Operation Cards,” each card being a complete 
detailed typed description, accompanied by cuts and photographs, of how a particular portion of the work 
shall be done. The installers on each job are furnished a complete set of cards covering all the opera¬ 
tions pertaining to the installation of that equipment. 

The methods outlined in these cards cover approved practices and are followed by the installers 
unless qualified by supplementary information or by “T.I.M’s” (temporary installing memorandums) 
covering changes dictated by experience in applying these methods. 

Operation cards will be issued under the following general classifications: 


(a) 

Erecting 

(g) 

Connecting and soldering 

(b) 

Aligning 

(h) 

Testing 

(c) 

Gauging and adjusting 

(i) 

Power 

(d) 

Cabling 

(j) 

Painting 

(e) 

Mounting apparatus 

(k) 

Routines 

(f) 

Forming and fanning 




7.2 Gauges. 

Due to the close limits and fine adjustments required in the assembly of framework and apparatus, 
extreme accuracy is demanded of the installer. This is especially true in connection with the assembly 
of the central unit of the selector frames, it being necessary to line up and adjust apparatus within per¬ 
missible limits of variation expressed in thousandths of an inch. Such close work has required the devel¬ 
opment and use of a very large number of very accurate gauges and testing mechanisms on each installa¬ 
tion. The cost of a set of such gauges as are required for the installation of a mechanical office runs into 
tens of thousands of dollars. 

7.3 General Order of Installation. 

Machine switching equipment is delivered to the installation site in several shipments, the material 
in the successive shipments being such as is required by the installer at the various successive stages of 
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the work. Such a procedure is necessary, for otherwise the work of installation could not be carried on 
in an orderly fashion. Furthermore, it is usually the case that the amount of storage space available is 
quite limited, this making it essential that material be delivered at a time when the installers are at a 
stage where they can immediately set it up in its permanent location. 

The first material shipped to the installation consists of power conduit, cable racks, superstructure, 
main cable runs, distributing frames and selector frame floor angles. This permits the laying of power 
conduit and the filling and finishing of power room floors before setting up the charging machines, bat¬ 
teries, battery fuse panels, and power boards (see Section XI). It also permits the completion of all 
work in the apparatus room ceilings, such as the placing of the superstructure required to suppoit the 
various frame units, cable racks and rolling ladders, the assembly and hanging of main cable racks and 
the running of main cable runs. It further permits the completion of ground work on the floors, consist¬ 
ing of locating, leveling and bolting the selector frame floor angles to the floor. 

The frames are delivered in a predetermined sequence, the frames farthest from the point of entrance 
being delivered and set up first. Order of shipment and set-up of frames are then regulated so that the 
apparatus rooms are gradually filled up working towards the point of entrance. The purpose of this 
procedure is to give the installers maximum working room at all stages of erection. 

The various operations of aligning, gauging and adjusting, running and forming or fanning of cables, 
connecting and soldering, and testing, are then carried on in the order best suited to effect economy of 
time and efficiency in the use of labor. 

Figures No. 11, No. 12, No. 13 and No. 14 show the various steps taken in the unpacking and erect¬ 
ing of assembled selector frame units, using a hoisting device equipped with chain blocks and a. special 
truck for wheeling the units to their proper location in the apparatus room. On later installations the 
hoisting device has been dispensed with, the chain blocks being fastened to ceiling superstructure. The 
figures shown are self-explanatory. 


















Section XI 

Power Equipment 


1. Requirement for Power. 

Power is required in machine switching offices for operating the talking and signaling circuits, for 
ringing, for operating message registers and coin boxes as in manual offices, for operating selector mech¬ 
anisms, and for driving the selectors and associated apparatus. 

Talking and signaling current and current for operating the switching mechanisms is furnished 
at 24 and 48 volts, and batteries of such voltage, with generator sets for charging them, aie provided. 

Ringing current is supplied from motor-driven generators of the same type as are used in manual 
offices. 

Power for operating message registers is taken from the 48-volt central office battery, so that no 
message register machines or auxilliary storage batteries are required. 

Power for operating coin boxes is supplied from dry cells or from auxilliary storage batteries as 
required. 

Individual motors are provided for driving selector frames. These motors are regularly operated 
from an outside source of power, but provision is made in the telephone power plant to supply power 
to drive them in cases of failure of the outside source. 

2. Power Units and Equipment. 

The power plant of a full-mechanical equipment includes power equipment of various kinds as 
listed in the following table: 

Storage batteries Power boards. 

Motor generator sets for charging batteries. Motor distributing boxes. 

Motor generator sets for supplying ringing current. Battery distributing panels. 

House plants. Conduit and power wire. 

Drive motors. Lighting equipment. 

Battery control panels. 

Subsequent portions of this Section will describe these items along the following lines. 

Function in the exchange. 

Types, sizes and capacities of batteries and machines. 

Method of calculating battery and machine sizes for different equipments. 

Function and description of various control and distributing panels. ^ 

Conduit and wiring layouts. 

Lighting arrangements. 

3. Schematic of Power Charging Circuit. 

Figure No. 1 is a circuit schematic showing the main power elements of a full-mechanical equip- 
ment and its circuit connections. It typifies in general the power wiring arrangement which has been 
accepted as established practice for full-mechanical equipments. 

Batteries 1-A, 1-B, 2-A, and 2-B are of 12 cells each, of a size and type as required for the particular 
equipment. The 24-volt discharge (leads F and G) is taken from either battery 1-A or 1-B, or both, in 
parallel, through the medium of “circuit maintaining” switches No. 1, No. 2, and No. 3. The 48-\olt 
discharge (leads J and K) is taken from batteries 1-A, and 2-A in series, or 1-B and 2-B in series, or from 
all four batteries in series-parallel, through the medium of circuit maintaining switches No. 4, No. 5, 
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and No. 6. Batteries 1-A and 1-B are referred to as the 24-volt batteries, and batteries 2-A and 2-B 
as the 48-volt batteries. Since each of these batteries is a 12-cell battery, the reference to batteries 
2-A and 2-B as 48-volt batteries is merely for identification purposes, these being the pair of batteries 
from which the 48-volt drain is taken, it being understood that the 48-volt potential is obtained from 
the series arrangement with batteries 1-A and 1-B respectively. 

It is established practice to ground the main batteries at their positive end. 

With the arrangement of wiring shown, it is apparent that the 24-volt batteries 1-A and 1-B will 
always be larger in capacity than the 48-volt batteries 2-A and 2-B, since 1-A and 1-B must carry both 
the 24 and 48-volt drain. 

With switch No. 3 thrown to the right and switches No. 1 and No. 2 thrown to the left, battery 
1-A will carry the 24-volt load. With switches No. 1, No. 2 and No. 3 thrown to the right, battery 
1-B will carry the 24-volt load. With switch No. 3 thrown to the right and No. 1 and No. 2 thrown in 
opposite directions, batteries 1-A and 1-B will carry the 24-volt load in parallel. 

Corresponding settings of switches No. 4, No. 5, and No. 6 will cause either batteries 1-A and 2-A 
or 1-B and 2-B, or all four batteries in series-parallel, to carry the 48-volt load. 

Switches No. 1 to No. 9 are called circuit maintaining switches, since their blade construction 
is such that when thrown from one side to the other, the new circuit is established before the old is 
broken, that is, they maintain the flow of discharge current unbroken. The use of such switches in 
the discharge leads is imperative since it is a fundamental rule in power circuit design that current flow 
to the exchange operating mechanisms must never be broken. A good view of this type of switch is 
shown in the lower panels of the battery control board shown in Figure No. 5. 

Throwing switches No. 3 and No. 9 to the left will cut in an emergency cell in series with the 24-volt 
batteries. 

With switch No. 6 and D.P.D.T. (double pole, double throw) switch No. 10 thrown to the left, 
either one, two, or three emergency cells may be cut in series with the 48-volt batteries by a manipula¬ 
tion of switches No. 7 and No. 8 as follows: 

(a) Cell No. 1 in series, switches No. 7 and No. 8 to the left. 

(b) Cells No. 1 and No. 2 in series, switch No. 7 to the left and No. 8 to the right. 

(c) Cells No. 1, No. 2, and No. 3 in series, switch No. 7 to the right. 

The purpose of these 24 and 48-volt emergency cells is to provide a means for stepping up discharge 
voltages under conditions which will be discussed more in detail in Paragraph No. 5. 

With switches No. 6 and No. 10 thrown to the left and No. 7 thrown to the right, it will be noted 
that the 48-volt discharge circuit would be broken should switch No. 10 be accidently thrown. This 
would drop every relay and selector mechanism in the exchange operating on the 48-volt source. To 
prevent the possibility of such a service interruption, mechanically interlocking mechanisms are pro¬ 
vided in connection with the battery control switches which will positively prevent any switch being 
thrown, except in a predetermined sequence, which will open either the 24 or 48-volt discharge leads. 

In order to permit “floating” the exchange load on the generators and to provide means for charg¬ 
ing the batteries, a bus-bar arrangement, indicated by the heavy lines marked “Grd,” “Bl-A,” “Bl-B,” 
B2-A,” and “B2-B,” is provided on the rear of the power board. Batteries are wired to this by means 
of leads Q, M, L, N, and S. The charging generator is, or generators are then thrown on to these bus¬ 
bars by means of one or more sets of switches such as those numbered 12 and 13. 

By “floating” is meant the carrying of the exchange load by the generator through the battery. 
In this method of operating, the battery merely acts as a current reservoir, absorbing and smoothing 
out the machine voltage irregularities. (See Paragraph No. 5.) 

Batteries 1-A and 2-A are floated together as follows: Switches No. 12 and No. 13 of the machine 
associated with battery 1-A are thrown to the right and the corresponding switches of the machine 
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associated with battery 2-A are thrown as follows: No. 12 to the right and No. 13 to the left. Switches 
No. 1, No. 2, No. 4, and No. 5 are thrown to the left. 

Batteries 1-B and 2-B are floated together with the following switch arrangement: for machine 
associated with battery 1-B, switches No. 11 and No. 13 are thrown to the right and No. 12 is thrown 
to the left; for machine associated with battery 2-B, switch No. 11 is thrown to the right and switches 
No. 12 and No. 13 to the left, switches No. 1 and No. 2 being thrown to the left and No. 4 and No. 5 
to the right. 

When batteries 1-A and 2-A are out of service, they are charged with switches No. 1, No. 2, No. 4, 
and No. 5 thrown to the right. 

When batteries 1-B and 2-B are out of service, they are charged with switches No. 1, No. 2, No. 4, 
and No. 5 being thrown to the left. 

Batteries are never charged while in service, for the reasons brought out in Paragraph No. 5. While 
batteries 1-A and 2-A are carrying the exchange load, 1-B and 2-B may be charged and vice versa. In 
floating, batteries 1-A and 2-A or 1-B and 2-B are carried on separate machines or sets of machines, since 
33-volt charging generators are used. In charging, a separate machine or set of machines is used to 
charge any one of the four batteries, since facility must be provided to charge any one of a pair of bat¬ 
teries while the other pair is being floated. 

In order to prevent the introduction of machine noises into exchange circuits, separate sets of charge 
and discharge leads are run from the batteries to the battery control panel and power board. 

An interesting feature of the power schematic of Figure No. 1 is the provision made for keeping 
the emergency cells up to charge. These four cells are charged in series by a “trickle” current from 
either of batteries 2-A or 2-B when the switches are thrown in the following arrangement: 

Switches No. 7 and No. 10 thrown to the right. 

Switch No. 9 thrown to the left. 

In tracing the circuit it will be noted that the emergency cells are placed in a shunt path off the 
48-volt batteries, the current in which is controlled by the current regulating rheostat shown. This 
charge ranges from one per cent to two and one-half per cent of the normal rate of the largest emergency 
cell. 

The emergency cells are periodically overcharged as required, switch No. 11 being thrown to the 

left. 

The emergency circuit maintaining switches No. 3 and No. 6 are of a rather ingenious construc¬ 
tion. They have intermediate poles between which and the regular poles are placed resistances. Such 
an arrangement is made use of to limit the current discharge from the emergency cells when cutting 
them in or out of service. Assume that emergency cells No. 1, No. 2, and No. 3 are not in use, switch 
No. 6 being thrown to the right, and that this switch is of the circuit maintaining type without resist¬ 
ances, such as switches No. 1, No. 2, No. 4, and No. 5. Then assume that the main battery voltage is 
dropped to a point where it is necessary to cut in emergency cell No. 1. This would be done by throw- 
ing switches in the following order: 

Switches No. 7 and No. 8 to the left. 

Switch No. 10 to the left. 

Switch No. 6 to the left. 

It will be noted that since switch No. 6 “maintains” the discharge circuit, contact would be made 
at the left pole before break at the right pole. In other words, the switch blade would then act as a 
direct short-circuit on the emergency cell. To avoid this, the intermediate switch points and the resist¬ 
ances were added, the arrangement being such that the switch blade breaks at one main pole before 
making at another, the circuit being “maintained” through the agency of the intermediate poles and 
the resistances. 
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In the event of failure of the outside power supply the charging sets would be out of service and 
hence would be unavailable for charging or floating. To provide against this contingency, a gas-engine 
driven charging set, such as is shown in Figure No. 1, has in some cases been provided. On failure of 
the line-driven generators, the gas engine set may be put into temporary service until restoration of 
the outside source of power. Sufficient reserve would be provided in the battery to carry the load while 
the gas-engine set is being started up. Such an emergency set or any other similar equipment used for 
a similar purpose is termed a “house plant.” A gas-engine driven charging set is used almost exclusively 
in manual practice. In machine switching offices, however, the drive motor power requirements have 
introduced conditions which make the use of other types of house plants preferable in general. House 
plants will be discussed more in detail in Paragraph No. 8. 

4. Specifications and Drawings. 

The various portions of the power equipment of a full-mechanical office are covered in the follow¬ 
ing specifications, which, in conjunction with the various drawings listed therein, furnish detailed infor¬ 
mation for manufacture and installation. Editing information is furnished for all equipment to be 
supplied by outside manufacturers when such a procedure is advisable or necessaiy, these orders being 
placed by the manufacturing organization. 

4.1 Specification No. 62. 

This specification covers all power machines consisting of: 

Charging motor-generator sets and associated auto-starters, and 
field regulating rheostats. 

Ringing motor-generator sets and associated high and low speed interrupters. 

Voltage regulators. 

Field regulating rheostats. 

Starting boxes and speed regulators. 

This specification is completed as early as possible in the engineering period of a mechanical equip¬ 
ment, since the time required for the manufacturing, testing and delivery of power machines is quite 
long. An early order is necessary to insure delivery of machines soon enough in the installation period 
so that power will be available for running installation tests. 

4.2 Specification No. 63. 

This specification covers the following: 

Power board for charging and ringing machines, including all instruments, such as 
ammeters and voltmeters, switches and circuit-breakers required in the opera¬ 
tion and control of charging and ringing machines. 

Coin collect power board (furnished only when the exchange serves coin lines) with 
associated ammeters, voltmeters and switches. This power board is not furnished 
when coin collect batter}' is supplied from dry cells. 

Power board for battery control with associated equipment, such as switches and 
fuses required for controlling the battery discharge, together with battery room 
bus-bars and their supporting details. 

Storage battery equipment including plates, tanks, oil insulators, hydrometers, ther¬ 
mometers, displacement tanks, electrolyte, and miscellaneous material such as 
bus-bars, glass battery covers, etc. 

Battery distributing panels. 

Drive motors for selector frames, pulse machines and testing frames. 

Machine tables for ringing machines. 
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This specification also incorporates drawings covering detailed information as follows: 

Power charging circuit. 

Ringing circuit. 

Coin collection circuit (if required). 

Front view, rear view, stock list and details of the following: 

Power board for charging and ringing machines. 

Coin collect power board (if required). 

Battery control panels. 

Battery distributing panels. 

Details of bus-bars in battery room and their supports. 

4.3 Specification No. 64. 

This specification covers the following: 

Conduit lengths required of various sizes, together with full information in regard to 
the locations and method of running as well as the numbers and sizes of power 
wires to be placed in each conduit run. 

Conduit fittings, such as elbows, couplings, bushings, reducers, condulet bodies and 
covers, pipe straps, ground clamps, etc. 

Total length of various kinds and sizes of power wire, together with information 
regarding the number and length of the runs comprising such total lengths. 

This specification also incorporates drawings covering detailed information in regard to the following. 

Conduit plans for all power wire runs to charging machines, batteries and the various 
control boards. 

4.4 Specification No. 55. 

This specification covers: 

Aisle and frame lighting equipment. 

Drive motor conduit boxes and equipment. 

Conduit and power wire required for lighting and drive motor circuits. 

This specification also incorporates drawings covering detailed information in regard to the plac¬ 
ing of lighting and motor circuit conduit and fittings between the various distributing boxes and the 
mechanical frames. 

4.5 Specification No 66. 

This specification covers house plant equipment consisting of the following: 

Alternator furnishing current of the same characteristics as the outside power. 

Gas engine or motor for driving the alternator. 

Alternator power board, mounting meters, switches, circuit breakers, field rheostats, 
voltage regulators (and speed regulators when required), necessary for the start¬ 
ing and operation of the house plant. 

5. Storage Batteries. 

More power is required for operating the signaling circuits and switching mechanisms in a mechani¬ 
cal than in a manual office, so that larger batteries are required for both the 24 and 48-volt supply. 
Practically all the signaling circuits and the switching mechanisms operate on 48-volt power, and the 
48-volt battery is accordingly considerably larger, relative to the 24-volt battery, than in manual offices. 
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Machine switching apparatus is designed to operate with a minimum of 45 volts and a maximum 
of 50 volts at the bus-bars of the battery distributing fuse panels. In order to keep within this narrow 
margin of voltage variation, the batteries are arranged so that it will be unnecessary to charge them 
while in service. Duplicate sets of batteries, two 24-volt and two 48-volt, are installed with the cir¬ 
cuit. They are so arranged that during the hours of heavy traffic the load can be carried by the charg¬ 
ing machines with one set of batteries floating, that is, two machines will be operated, one having one 
of the 24-volt batteries across its leads and the other having one of the 48-volt batteries across its leads. 
The batteries not in service may then be charged by another machine. During the hours of light traffic 
the office load may be carried by the duplicate sets of batteries operated in parallel, or if this load is very 
light, from one set only. 

Since the batteries will not be charged while in service, 12 instead of 11 cells can be used for each 
24 and 48-volt battery, without exceeding the maximum permissible voltage. The 12-cell batteries 
permit the voltage to be carried to a lower point per cell without reducing the total below the minimum 
allowable. Even with the 12 cells, however, the voltage per cell could be reduced to only approximately 
1.92 volts per cell, without reducing the total voltage below the minimum limit. An excessively 
large battery would be required to provide sufficient reserve to carry the office in case of power failure 
until a reserve source of power could be brought into service, unless provision is made to work the bat¬ 
tery to a lower voltage per cell during the emergency period. In view of this, emergency cells are pro¬ 
vided which can be placed in series with the regular batteries in case the power fails. Four such cells 
are installed, three arranged to be cut in, one at a time, in series with the 48-volt battery, and one in 
series with the 24-volt battery. The wiring will be so arranged that the emergency cells may be placed 
in series with one set of the regular batteries or in series with both sets when they are operating in parallel. 

Storage batteries provided for machine switching offices are of the G and H type, of the Electric 
Storage Battery Co.’s chloride accumulator, the H plate being double the size of the G plate. The 
H type cell does not, however, occupy any more floor space than the G type cell, since the increased plate 
area is taken care of by making the H unit double the height of the G unit, the width remaining the 
same for both. The tanks furnished for specific installations are of wood, lead lined, and are of a length 
sufficient to accommodate the number of plates required for the ultimate period of the exchange. On 
the initial installation, plates are furnished only as required by the drains as figured for the initial ex¬ 
change period. Batteries are rated in terms of their type or size as indicated by the letter “G” or “H” 
and by the plate capacity of the tanks. Thus an H-59 cell and a G-37 cell have a 59 and 37-plate capacity 
respectively. The number of plates will always be odd since an extra negative plate is always required 
in each cell in order that each positive plate may have a negative plate on each side of it, this provision 
being necessary to prevent buckling of the end positive plate. The extra negative plate does not con¬ 
tribute to the capacity of the cell. 

Each pair of G plates, positive and negative, has a 20-ampere drain capacity. A G-37 cell has a 
capacity for one G-37 element consisting of 18 pairs of positive and negative plates and one end negative 
plate. Its ampere capacity will therefore be 18 X20 or 360 amperes. 

Batteries are rated according to the average current they can deliver over a standard period of time 
which has been taken as eight hours. The G-37 cell of the above example has a rating of 360x8 or 
2880 ampere hours, that is, when new and fully charged, it will deliver 360 amperes for a period of eight 
hours before requiring recharging. 

Each pair of H plates, positive and negative, has a 40-ampere drain capacity. An H-59 cell has 
capacity for one H-59 element consisting of 29 pairs of positive and negative plates and one end negative 
plate. Its ampere capacity will be 29x40 or 1160, and its standard eight-hour rating will be 8x1160 
or 9280 ampere hours, that is, when new and fully charged, it will deliver 1160 amperes for a period of 
eight hours before requiring recharging. 

Battery tables have been prepared for the various sizes of G and H type cells giving their discharge 
rates in amperes at the standard discharge rate of eight hours, from which the sizes of cells required 
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for any particular equipment can be selected after the discharge rates of the exchange batteries have 
been calculated. In Paragraph 12.31 of this Section a sample battery calculation is given. 

G type cells, when used, are generally furnished in sizes ranging from G-45 to G-51. Larger G 
type cells could, of course, be used but their floor space requirement might be objectionable. When 
batteries larger than the G-51 are required, it is customary to furnish H type cells of the required capacity. 
H cells have been furnished up to the H-85 size. When the H type cells are required for the 24-volt 
battery, it is customary to furnish this type throughout. 

Storage cells are periodically overcharged in order that the chemical action attending charge may 
be thoroughly completed, this procedure being required in order to keep the batteries in good operating 
condition. At the end of overcharge the chloride accumulator type of cell attains an average voltage of 
about 2.6 In the case of manual equipments where the main 24-volt battery employs 11 cells, and 
where only one battery is used, this being charged while in service, the discharge voltage will hence 
reach about 28 volts on an overcharge. As soon as the charging generator is disconnected and the load 
is thrown on the battery, the voltage drops to about 23 (2.1 volts per cell) and then gradually declines 
to about 19.25 volts (1.75 volts per cell) at the end of eight hours, provided the battery is discharged 
at its eight-hour rate. 

In the event that two such batteries of 11 cells each, in series, were employed in the machine switch¬ 
ing system to provide the 48-volt supply, and batteries were charged during operation, it is evident 
that a maximum voltage of about 56 would be obtained. Since machine switching apparatus is designed 
to operate within 45 to 50-volt limits, it has been necessary to provide double sets of batteries, so that 
batteries will not have to be charged while in service, thus eliminating the peak voltages of overcharge. 
Under these conditions a pair of 11-cell batteries in series will, at the start of discharge, attain a maxi¬ 
mum voltage of 22 X2.1 or about 46 volts. Since this is well under the permissible maximum voltage, 
in fact nearly the lower limit, 12 cells are used in each battery, which gives at a start of discharge, a 
maximum voltage of about 50.4 at the batteries. Taking into account the voltage drop in the leads 
from the batteries to the distributing fuse panels—leads are usually furnished of such a size that this 
will not exceed 2.25 volts—we will have available at the distributing panel bus-bars a voltage of ap¬ 
proximately 48 plus. 

Assuming that the leads to the distributing panels were made of such a size that only a one-volt drop 
would occur, the batteries could only be discharged to an approximate 46-volt level (1.92 volts per cell) 
before the 45-volt lower limit would be reached. If the battery were completely discharged to its lower 
limit of 1.75 volts per cell, there would then be only 41 volts available at the distributing panel bus-bais, 
which is four volts under the permissible lower voltage limit. Batteries should be worked to as near 
complete discharge as possible to utilize the current that has been stored in them on the charge. In this 
particular case, the batteries would not be anywhere near complete discharge before the lower voltage 
limit would be reached, consequently, unless some means of boosting the battery voltage at the end of the 
discharge period were provided, the charge remaining in the battery would be ineffective as far as cairy- 
ing the exchange load is concerned. The requirement for working the batteries to their discharge point 
would occur only when the batteries would be required to carry the full exchange load for an extended 
period during an emergency. This constitutes another important reason why provision should be made 
for working the cells down to a lower point. 

Accordingly, emergency cells are provided, one for use with the 24-volt battery and three for use with 
the 48-volt battery. They are arranged so that they can be cut in one at a time as required, in the manner 
described in connection with Figure No. 1. 

Assume that enough copper were furnished in the leads from the batteries to the distributing fuse 
panels to permit only a 2.25-volt drop. This would mean that the voltage of the regular plus the emer¬ 
gency cells could not drop below 45+2.25 = 47.25 volts. In order to work each cell down to its lowest 
discharge point, 1.75 volts, it would be necessary to provide as many regular and emergency cells for the 
48-volt battery as 47.25-M.75 = 27 = 24 regular+3 emergency cells. If only two emergency cells were 
used and the batteries were discharged to 1.75 volts per cell, the total voltage available at the batteries 
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would be only 45.5 volts, which would permit of only five-tenths of a volt drop in the leads between the 
batteries and the distributing fuse panels. To allow for such a small voltage drop in the leads, it would 
be necessary to make them very much larger. This increased copper cost would more than offset the cost 
of the third emergency cell, consequently the use of three emergency cells in connection with the 48-volt 
battery is now accepted as an established practice for machine switching equipments. 

Since the machine switching mechanisms on which careful voltage regulation is required, are operated 
from the 48-volt battery, and since only the talking and certain miscellaneous signaling circuits are oper¬ 
ated from the 24-volt battery, it is not necessary that the 24-volt battery be held to very narrow voltage 
limits. These limits are set at 20 to 28 volts. The battery voltages, using 12 cells, are about 25 at the 
start of discharge and 21 at the completion. Twenty-one volts at the end of discharge will permit of 
only a one-volt drop between the batteiy and the distributing fuse panel. A distinct economy can be 
effected by using one emergency cell with the 24-volt batteries, since we could then furnish smaller leads 
to the coil rack fuse panels, these being figured on a 1.75-volt drop. The saving in copper will more than 
counter balance the cost of the emergency cell. The use of one emergency cell with the 24-volt batteries 
is now accepted as an established practice for machine switching equipments. 

During the hours of heavy traffic, the 48 and 24-volt load is carried on two machines or two sets of 
machines with the batteries floating. This method of operating is quite economical where there is a large 
demand for power, as in machine switching offices, since there is no loss of energy due to battery ineffi¬ 
ciency. In any conversion of energy the output never equals the input. The ratio of the output to the 
input is referred to as the efficiency of the machine or battery or other power unit under consid¬ 
eration. During the floating operation, the battery merely acts as a voltage regulator, once it 
has come up to charge, in that, should the machines drop in voltage, the battery will start to discharge. 
Should the machines increase in voltage, the excess voltage would only be effective in charging the battery 
further. It may thus be seen that the batteries are charged or discharged only in such a degree as is nec- 
esssary to smooth out the voltage fluctuations of the machines, and that the actual exchange load is car¬ 
ried directly by the machines. The circuit used during the floating operation should be noted in Figure 
No. 1. 

Since the battery plates are not subjected to the chemical cycles of alternate charge and discharge, 
the life of the elements is much longer. On the basis of full floating operation, 24 hours per day, it is 
estimated that the life of the battery elements will be extended to 15 years. On a non-floating basis, the 
life of a set of battery elements is about five to six years. 

Full floating over the 24-hour period is used in exchanges where there is a fairly heavy load even over 
the light load periods. In such cases the sizes of machines furnished are such that they can be operated 
at their maximum efficiency. 

Partial floating is done in exchanges where it would not be economical to operate charging generators 
or rectifiers during the light load period. 

Full-mechanical offices which have been engineered to date have been fairly evenly divided in the use 
of full or partial floating of batteries, the tendency inclining, however, toward the use of full floating 
operation. 

The floating voltage varies between the approximate limits of 2.14 to 2.05 volts. 

Further considerations in connection with batteries will be brought out in the sample batteiy calcula¬ 
tion of Paragraph 12.31. 

6. Charging Machines. 

Thirty-three-volt generators, directly connected to either A. C. or D.C. motors, depending on the out¬ 
side source of power, are provided in machine switching offices to charge the 12-cell batteries. These 
generators are built in various capacities up to 1500 amperes, of which the 600-ampere (M-6), 1000-ampere 
(M-10) and 1500-ampere (M-15) capacities are most commonly used. 
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The largest size of generator used heretofore for manual equipments has been the M-10 (1000-ampere 
capacity). The large requirement for power in machine switching offices and the necessity for conserving 
floor space has led to the development of the M-15 generator. These machines are now being furnished 
for a number of the larger machine switching offices. 

The charging generators are used to carry the exchange load by the floating battery method, as out¬ 
lined in Paragraph No. 5 of this section, as well as for charging purposes. 

One or more charging sets are provided in an office as required for regular 24-volt service (floating) 
with sufficient generator capacity to supply the 24-volt busy hour load. When more than one machine 
is used, they are paralleled to give the required capacity. 

One or more charging sets are provided in an office as required for regular 48-volt service (floating) 
with sufficient generator capacity to supply the 48-volt busy hour load. When more than one machine 
is used, they are paralleled to give the required capacity. 

One or more charging sets will be provided for charging the batteries not in service and for emergency 
use in case one of the regular sets is out of service. When one set only is required for floating the 24-volt 
load, a set of the same size is furnished for charging purposes. When two or more sets are provided for 
floating the 24-volt load, the emergency set is made of sufficient size to charge the 24-volt battery not in 
service and of sufficient size to replace any of the regular sets that may be out of service. 

The method used in calculating generator sizes is illustrated in Paragraph 12.33 of this Section. 

Figure No. 2 is a view of the Pennsylvania (New York) power room, showing the motor generator 
charging sets and the power board equipment. 

7, Ringing Machines. 

Two ringing machines, one for reserve, are provided for each machine switching office as in the case 
of manual offices. These are motor generator sets which are used to generate the alternating current 
required to ring the called subscriber’s station. The regular ringing set is driven from the outside source 
of power by either an A.C. or a D.C. motor, as the case may be. The reserve set is, however, driven by 
a 48-volt D.C. motor operating on the exchange battery in order that provision may be made for ringing 
current in case of failure of the outside source. 

The ringing voltages used in machine switching offices range from 95 to 110 for A.C. direct or two- 
party line ringing and four-party semi-selective ringing, or from 64 to 80 for four-party selective super¬ 
imposed ringing. 

Ringing machines may be either “triple-decked” or “double-decked”, these expressions having 
reference to the use of either three brushes 120 degrees apart, or two brushes 180 degrees apart on the ring¬ 
ing interrupters. 

Three brushes are used for single and two-party A.C. and for four-party full-selective superimposed 
service. The ringing load is divided into three sections on these brushes. The standard ringing inter¬ 
vals being alternately a two-second ringing period and a four-second silent period, the ringing interrupter 
segment will be only 120 degrees long, which means that the ringing current is fed to each of the three 
brushes individually without overlap. On this basis it is evident that the exchange ringing load can be 
divided into three parts and that the ringing machine need have a capacity only one-third of that neces¬ 
sary if the entire ringing load were carried on one brush. On this basis three separate ringing bars must 
be provided on the ringing fuse panels of the exchange. 

In the case of semi-selective four-party ringing where the standard two-ring intervals are a one-second 
ring, a one-second silent interval, another one-second ring and then a three-second silent interval for each 
revolution of the commutator, it is evident that, in the event of triple-decking of brushes, two of the 
brushes will at times be carrying the ringing load simultaneously. There would of course be no overlap 
if the brushes were double-decked. However, since the number of parties rung with one ring usually far 
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outnumbers those rung with two rings, the brushes are triple-decked to gain a more efficient use of the 
machine in ringing parties off the one-ring commutator. The machine size is, however, figured on a 
double-deck basis to provide capacity for brush overlaps on the two-ring commutator. 

Ringing machines for straight A.C. service are usually furnished in the following capacities: three- 
fourths, one and one-half, three and six amperes. 

Ringing machines for superimposed ringing service are usually furnished in the following capacities: 
one, two, four, and eight amperes. 

See Paragraph 12.4 for a description of the method followed in calculating ringing machine sizes. 

Figure No. 3 shows a photograph of a pair of regular and reserve ringing machines. The interrupters 
shown on the generator shaft are high speed (1200 R.P.M.) and furnish “high” and “low” tones at 460 
and 153 pulsations per second (p.p.s.) respectively. These “tones” are taken from the secondary of a 
repeating coil, the pulsations being supplied by a machine interrupted battery to ground circuit through 
the primary of the repeating coil. 

The following tones are generated, fundamentally, by the high speed interrupters of the ringing 
machine: 

Busy tone—low tone—153 p.p.s. through a repeating coil. 

Dial tone—same as above. 

All paths busy tone—low tone—153 p.p.s. through a repeating coil—through a 149 
type interrupter of the type shown in the upper part of Figure No. 16 of 
Section III. 

Howler—high tone—460 p.p.s. from ringing machine. 

Checking tone—high tone—460 p.p.s. through a repeating coil. 

The names of these tones are self-explanatory of their uses. 

The interrupters shown at right angles to the main shaft of the machine furnish the machine ring¬ 
ing. They run at 10 R.P.M., being geared down 120 to 1, or one revolution per six seconds. This speed 
gives the standard ringing periods, previously described, for either straight A.C. or semi-selective ringing. 

8. Emergency Provisions—House Plants. 

As previously stated, it is essential that means be provided in machine switching offices to replace 
temporarily the line power in the event of failure of the outside source. A telephone system must give 
continuous service, 24 hours a day, and cannot be subjected to interruptions, such as would most certainly 
occur if entire dependence were placed on the continuity of the outside source. 

The following power units are driven from the line source and must be kept running in the event of a 
failure of the line aource: 

Selector frame drive motors. 

Charging machines. 

Ringing machines. 

Either A.C.-D.C. or D.C-D.C. frame drive motors are provided (see Paragraph No.14), depending upon 
the character of the line source, such that on failure of the line source, they will automatically and instantly 
be thrown on to the 48-volt D.C. battery source without interruption to service. Sufficient reserve is 
provided in the batteries to carry the exchange load plus the drive motor load for a three-hour period at 
the busy hour rate of discharge. It is anticipated that the line power could be restored within this time. 
In any case, an auxiliary “house plant” or reserve equipment is started up at once on failure of the line 
source, and provides proper facilities for carrying the exchange load until the line source is restored. 

The emergency provisions made for charging and ringing machines will be brought out in the follow¬ 
ing discussion of various exchange area conditions. 
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The house plant is an entirely separate power plant, local to the exchange building, consisting of 
generators which will provide power of the same characteristics as the line service, directly connected to 
vertical gas engines. In some cases steam turbines have been used. The control and regulation of such 
a plant is necessarily quite complex since generally more than one set is required, necessitating the syn¬ 
chronization of the alternators for operation in parallel. 

The following cases will bring out some of the varying exchange area conditions controlling the char¬ 
acter of the exchange power plant, house plant, and emergency provisions. These cases record conditions 
actually encountered in the engineering of scheduled equipments. 

Case No. 1—One source of supply—A.C. 

A.C.-D.C. drive motors operate on A.C. line. 

Charging generators operate on A.C. line. 

Regular ringing machine—operates on A.C. line. 

On failure of outside A.C. source. 

A.C.—D.C. drive motors and reserve ringing machines operate on the 48-volt batteries. 
Gas-engine driven alternator (house plant) provides line A.C. which will operate 
the regular A.C. driven charging generators for floating and charging the bat¬ 
teries, and for operating the regular ringing set and building requirements. The 
drive motors and regular ringing machine are thrown on the house plant as soon as 
it is up to speed, in order to save the batteries. This is probably the most 
common case in the field. 

Case No. 2—Same as Case No. 1, except that the house plant consists of a gas engine 
driven D.C. generator which charges or floats the batteries directly. Some of 
the operating companies have found it necessary to use this type of house plant 
since it permits the use of a horizontal type gas engine which can be used in power 
rooms with comparatively low ceiling heights. This character of house plant has 
the obvious disadvantage of having to generate a large amount of power at an 
uneconomically low voltage. 

Case No. 3—One source of supply—D.C. 

D.C.-D.C. drive motors operate on D.C. line. 

Charging machines operate on D.C. line. 

Regular ringing machine operates on D.C. line. 

On failure of the outside D.C. source. 

D.C.-D.C. drive motors and reserve ringing machine operated on the 48-volt batteries. 
Gas-engine driven D.C. generator (house plant) operates the regular D.C. diiven 
charging sets for battery floating and charging, and also furnishes the building 
power requirements. The regular ringing machine and drive motors are thrown on 
to the house plant as soon as it is up to speed in order to save the batteries. 

Case No. 4—Two sources of supply—A.C. and D.C. 

In this case the exchange is regularly operated on the A.C. source, the D.C. 
source being used as a reserve. 

A.C.-D.C. drive motors operate on A.C. line. 

Charging generators operate on A.C. line. 

Regular ringing machine operates on A.C. line. 

On failure of the outside A.C. source. 

A.C.-D.C. drive motors and reserve ringing machine operate on the 48-volt batteries. 

D.C.-A.C. converter operates the regular A.C. driven charging sets for floating and 
charging the batteries and supplies the house needs. Regular ringing machine 
and duplex motors are thrown onto the house plant as in Case No. 1. 
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Case No. 5—Two sources of supply—A.C. and D.C. 

In this case the exchange is regularly operated on the A.C. source, the D.C. source 
being used as a reserve, and no house plant is provided. 

A.C.-D.C. drive motors operate on A.C. line. 

Charging generators operate on A.C. line. 

Ringing machines operate on A.C. line. 

On failure of the A.C. source. 

A.C.-D.C. drive motors and reserve ringing machine operate on the 48-volt batteries. 

D.C. line driven charging set charges or floats the batteries directly and also supplies 
the building needs. 

Case No. 6—Two sources of supply, 60 and 25-cycle A.C. 

In this case the exchange is regularly operated on the 60-cycle A.C. source, the 
25-cycle source being used as a reserve, and no house plant is provided. The 
operation is the same as in Case No. 5, except that on failure of the 60-cycle 
A.C. source, a 25-cycle line driven alternator is used to generate 60-cycle cur¬ 
rent for operating the exchange until the regular 60-cycle current is again 
available. 

The available sources of power supply encountered in the various exchange areas are usually of the 
following nature: 

(a) 220-volt, two-phase, three-wire, 60-cycle A.C. 

(b) 220-volt, three-phase, three-wire, 60-cycle A.C. 

(c) 220-volt, two-phase, four-wire, 60-cycle A.C. 

(d) 220-volt to 240-volt D.C. 

About 90 percent of the machine switching exchanges are being installed in areas where A.C. current 
of the characteristics of items (a) and (b) is in use. In one city area the only available source of current 
was 25-cycle A.C., necessitating the use of specially geared drives on all the selector frames of the mechani¬ 
cal office which were engineered for that city. 

9. Power Boards. 

A power board is furnished in each machine switching office, as in manual offices, to mount the 
switches, instruments, circuit breakers and other apparatus required for controlling the charging and ring¬ 
ing machines and the coin collect batteries when provided. It consists of a series of slate panels mounted 
on a suitable iron frame supporting structure, the number and sizes of the slate panels and the overall 
dimensions of the board as a whole being dependent upon the number and sizes of the charging generators 
required in the exchange. Figure No. 4 is a partial front view of a machine switching power board in 
process of construction for the Pennsylvania (New York) equipment. By comparing the equipment on 
the board with the schematic power charging circuit shown in Figure No. 1, it will be noted that a vertical 
panel section of the power board is assigned to each charging machine. The main battery ammeters A-l 
and A-2 (see Figure No. 1) are of the illuminated dial type, and are arranged for mounting on swinging 
brackets at the end of the power board. Referring to Figure No. 4, it will be noted that these ammeters 
are not yet in place, although the brackets have been mounted. These ammeters register the charging 
and discharging currents of the two main batteries and are of the double scale type, each scale being 
large enough to measure the ultimate charging and discharging rates of the batteries. When the batteries 
are floating and the load is perfectly balanced on the generators, it is apparant from a study of Figure 
No. 1 that the ammeters will read zero. Placing these ammeters at the end of the power board on swing¬ 
ing brackets permits the power men to watch their dials while adjusting the machine loads at any of the 
panels of the power board. 

All wiring and bus-bars required for connecting the control equipment in proper relation to the 
machines and batteries are placed on the rear of the power board. 
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Power boards are placed as near to the charging machines as possible, after due consideration has 
been given to allowing proper room for maintenance in order to reduce the length of power leads. The 
location of the power board at the left of Figure No. 2, relative to the machines, will give an idea of the 
location usually assigned to power boards. 

Note power board locations shown in Figures No. 3, No. 5 and No. 8 of Section VIII. 

10. Battery Control Panels. 

A battery control panel is furnished in each mechanical office, as in manual offices, to mount the 
equipment required for controlling the battery discharge. This equipment consists primarily of the var¬ 
ious circuit maintaining switches required for switching the load from one set of batteries to another, for 
throwing the batteries in parallel, and for placing the emergency cells in the discharge circuit. 

Figure No. 5 shows a front view of the battery control board under construction for the Pennsylvania 
(New York) equipment. In this case the battery and machine rooms are in adjacent rooms on the 
same floor, and the control panel is placed in the partition separating these rooms. In cases where the 
batteries are placed in the basement and the machine room is located immediately above on the first floor, 
the battery control panel is located in the machine room and is made a part of the power board. This 
centralizes all the control equipment for the use of the power maintainance force. A good example of 
this arrangement is shown in Figures No. 7 and No. 8 of Section VIII. 

As will be noted from Figure No. 5, the battery control board is of slate panel construction, these 
panels being supported by a suitable iron frame structure. 

It will be noted from Figure No. 1 that all the discharge leads from the batteries through the emer¬ 
gency cells to the circuit maintaining switches on the battery control panel are bus-bars, this being neces¬ 
sary in order to carry the heavy 24 and 48-volt discharge currents. It is evident that the various power 
units connected by bus-bars should be located in close proximity, in order that copper may be saved by 
making these bus-bars as short as possible. The emergency cells are accordingly placed as near the battery 
control equipment as the building conditions will permit. It will be noted that this has been done in the 
battery and machine room layouts shown in Figures No. 7 and No. 8 of Section VIII. 

Figure No. 6 shows the rear view of the Pennsylvania (New York) battery control board in course 
of erection, affording an idea of the involved bus-bar, conduit and wiring construction connecting at the 
rear of this control panel. The cell shown in the immediate foreground is one of the emergency cells 
The bus-bars connecting to the rear of the battery control panel consists of two 8-inch by 3^-inch copper 
bars in parallel. Bus-bars are figured on the basis of a 1000-ampere carrying capacity per square inch 
cross-section, the voltage drop, however, governing the size of the bus-bars to be furnished. They are 
made of a flat bar cross-section in order to provide a maximum heat radiation surface per square inch of 
cross-sectioned area, and also to permit the making of right angled bends with a small radius. This type 
of construction also affords a maximum contact surface in cases where turns are made with separate 
pieces of bus-bar bolted together, as shown in Figure No. 6. 

For purposes of comparison, it may be stated that battery control panels for machine switching 
equipments are approximately 10 to 12 feet long and six feet high, whereas the same control unit in 
manual offices is approximately three feet square. 

11. Miscellaneous Power Panels and Distributing Boxes. 

In addition to the power board and battery control board, there are required for miscellaneous pur¬ 
poses in the machine switching exchange quite a number of smaller power control or distribution panels. 
These are as follows: 

11.1 Power Service Panel. 

This is furnished by the Telephone Company or the power supplier, and located at the point where 
the service leads enter the building and upon which are mounted suitable meters to measure the power 
furnished by the outside supplier. 
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11.2 Power Protection Panel. 

This is a slate panel unit upon which is mounted a choke coil and a spark gap lightning arrester. 
This panel is furnished as a protection against high potentials in case the power service leads to the ex¬ 
change building are aerial. The high potentials are dissipated through the air gap on failure to pass the 
choke coil barrier. 

11.3 Motor Starter Panels. 

These are slate panel units upon which are mounted the equipment required to start the motors 
which drive the various charging generators. These panels are usually lined up as a part of the power 
board. (See Figure No. 8 of Section VIII.) 

11.4 Ringing Power Board. 

This board consists of slate panel units upon which are mounted the equipment, meters, switches, 
rheostats, etc., required in the control and operation of the ringing machines. This board may or may 
not be a part of the power board, depending upon the location of the ringing machines in the office. 

11.6 Power Distribution Panels. 

These are slate panel units of the type shown in Figure No. 7, used as a means for distributing 48- 
volt D.C. power to the various selector frames. One of these panels is furnished for each floor on which 
selector frames are placed. To them are run battery supply leads from the battery control board of 
sufficient size to meet the ultimate power requirements of the floor layout. These supply leads are ter¬ 
minated on bus-bars on the rear of the distributing fuse panel. Power is supplied the smaller branch 
leads to the various lines of selector frames through the cartridge type fuses shown. Each branch lead 
is run overhead in open braided rubber covered wire on cable racks to the line of frames it is to serve. 
Then it is run down the end of the first frame in the line to the floor and along under the line to the last frame, 
taps being taken off as required for each selector frame fuse panel. Each tap is fused on the rear 
of the selector frame fuse panel by means of a cartridge type fuse. Figure No. 8, Sketch No. 1, shows 
in detail the distribution of 48-volt power from the power board through the distributing panel, or 
panels, to the selector frame fuse panels and duplex motors. 

In case of failure of one of the cartridge fuses shown in Figure No. 7, a bell will be rung at the main- 
tainance center and a light will come in at the main floor alarm board. This will attract the switch¬ 
man’s attention and indicate the distributing panel on which the blown fuse is located. Each of these 
cartridge fuses has in parallel with it one of the small alarm type fuses mounted at the top of the panel. 
On failure of a cartridge fuse, its associated alarm fuse blows, bringing in the above mentioned signals, 
and informing the switchman, when he reaches the distribution panel, which particular fuse has blown. 

11.6 Motor Distribution Boxes. 

Figure No. 9 shows a view of a distribution box used for supplying A.C. or D.C. line current to 
branch circuits to the various frame drive motors. Its purpose, construction and wiring arrangement 
is exactly parallel to the use of a distribution box in a lighting feeder system. One of these boxes is 
provided on each floor where there are drive motors to be supplied. Each box is designed to serve 
the ultimate number of motors of the floor layout. Sketches No. 1 and No. 2 of Figure No. 8 show 
in detail how line A.C. current is distributed to the various selector frames for driving the duplex motors. 

12. POWER CALCULATIONS 

12.1 Information Furnished by Telephone Company. 

The sizes and types of machines, batteries and control boards, sizes of power wire and the various 
circuit arrangements, sizes of switches, and types and ranges of measuring instruments are determined 
separately for each machine switching equipment as the result of power calculations based upon data 
supplied by the Telephone Company ordering the equipment. The information supplied is of the 
following nature: 
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(a) 


(b) 

(c) 

(d) 


The initial and ultimate calls per busy hour for each class of calls the exchange is to 
serve. 


From a power standpoint, calls are “local,” “outgoing” or “incoming” considering the 
origination and termination of the call, and under each of these broad divisions, 
calls classify as follows: 


Local 

P.B.X. to P.B.X 
D.L. to P.B.X. 
P.B.X. to D.L. 
D.L. to D.L. 


Outgoing 
P.B.X. to Man 
D.L. to Man. 
P.B.X. to F.M. 
D.L. to F.M. 


Incoming 
Man. to P.B.X, 
Man. to D.L. 
F.M. to P.B.X. 
F.M. to D.L. 


where, 

P.B.X. = Private branch exchange station (Mechanical). 

D.L. = Direct line (Mechanical). 

Man. = Station in outlying manual office. 

F.M. = Station in outlying mechanical office. 

The initial calls per busy hour provide the basis upon which initial power equipment 
is calculated and furnished, that is, initial machines and initial plate equipment 
in the battery tanks. This equipment is usually such that it will take care of 
the exchange growth for an initial five or 10-year period after being cut into 
service. 


The ultimate calls per busy hour provide the basis upon which ultimate power equip¬ 
ment is calculated and furnished, that is, ultimate machines and ultimate plate 
equipment in the battery tanks. The ultimate figures are also used initially in 
that they determine the sizes of battery tanks that must be furnished initially, 
the power and battery room layouts that must be made initially to accommodate 
the ultimate machines and batteries, and the power wiring and conduit which 
must be furnished initially of such sizes that they will take care of the ultimate 
current requirements. 

The ratio of the busy hour calls to the day load (24 hours) as a percentage figure. 

This information is essential as a basis for calculating the ampere-hour capacity re¬ 
quired in the batteries. 

The holding times in seconds for the various classes of calls. 

This information is essential as a basis for calculating the ampere-hour capacity re¬ 
quired in the batteries. 

Data relative to the sources of power supply in the exchange area that will be avail¬ 
able for use in the mechanical office. This information must cover: 

Number of different sources of power available whether A.C. or D.C. 
power voltages. 

If A.C., character of power regarding cycles per second and number of phases. 


Type of transmission wiring, whether three-wire or four-wire. 

This information is essential in that it determines the types of motors that must be 
used in charging and ringing motor-generator sets, determines the character of 
the emergency provision that must be made in each mechanical office to take 
care of power failure and determines the type of drive motor to be used on the 
mechanical frames. 


12.2 Basic Figures for All Classes of Calls. 

In order to determine the battery and machine capacity required for any particular mechanical 
office, it is necessary to have basic drain figures available for the circuits that will be used in varying 
combinations to set up the different classes of calls. Thus, in a particular office, a local “D.L. to D.L.” 
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call may use the following circuits in the connection: L.T. and S (line, trip and start circuits of line- 
finder frame), sender circuit, district, incoming and final selector circuits. An outgoing “D.L. to F.M.” 
call may use the following circuits in the connection :*L.T. and S., sender, and district and office selector. 
An incoming “Man. to D.L.” call may use the following circuits in the connection: incoming and final 
selector and “B” sender. It is apparent from this that the current required by a call of any class is 
the sum of the current required by the various circuits used to complete the call (as far as the mechanical 
office only is concerned), and that the current drain for each of the component circuits entering into the 
set-up of a call may be expressed in ampere-seconds as follows: 

Building-up current X time + restoring current X time + conversation current X time = drain per call, 
when current is expressed in amperes and time in seconds. 

The only variable in this formula will be the “conversation time.” If a 100-second conversation 
time is assumed, basic figures in ampere seconds may be computed for each type of circuit. 

Careful current and time studies have been made of the circuits entering into the various classes 
of calls, and assuming a 100-second conversation time, basic drain figures have been prepared which, 
in conjunction with the Telephone Company’s data, are being used to figure battery capacities for machine 
switching exchanges. 

12.3 Calculating Battery and Charging Machine Sizes. 

12.31 Main Storage Batteries. 

The basic drain figures for the classes of calls of the office are converted to the conversation time 
of the office using the formula: 

Basic drain figure conversation time . . , 

--— x - for exchange = ampere seconds 

for 100 seconds 100 

These figures are divided initially into the 24 and 48-volt requirements. 

These figures are then converted into ampere hours by dividing ampere second figures by 3600, 
and are converted into busy hour drains for each class of call by multiplying the ampere hour figures 
by the number of initial calls per busy hour for each class of call. 

Similar busy hour drain figures are prepared for each class of call, using the ultimate calls per busy 
hour instead of the initial. 


From this point on, the actual figures used in calculating the battery and machine sizes of a full- 
mechanical equipment, as given in the following table, will be referred to in conjunction with Figure 
No. 1. This will probably assist in bringing out more clearly the processes gone through. 



Column 

A 

B 

C 

D 

E 

F 




Initial 



Ultimate 





1930 period 



1940 period 




24-V 

48-V 

24-V 

24-V 

48-V 

24-V 

Item 

Circuits 

Circuits 

Bat. 

Circuits 

Circuits 

Bat. 

i. 

Mechanical units No. 1 and No. 2 

337 

890 

1227 

435 

1038 

1473 

2. 

Estimate for unit No. 3 




250 

500 

750 

3. 

Toll switchboard 

295 


295 

624 


624 

4. 

Line leakage 

6 

6 

6 

10 

10 

10 

5. 

Toll test and Morse 

50 


50 

80 


80 

6. 

Battery motor load 


286 

286 


795 

794 

7. 

Totals 

688 

1182 

1864 

1399 

2342 

3731 

8. 

Hours required 


3 

3 


3 

3 

9. 

Hours with 100 p.c. in battery 


4 

4 


4 

4 
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10. 

Per cent of normal rate 

163 

163 

163 

163 

11. 

Normal rate of bat.—amp. 

726 

1140 

1440 

2280 

12. 

Normal rate of each half 

363 

570 

720 

1140 

13. 

Battery 

H 21 

H 31 

H 37 

H 59 

14. 

Normal rate 

400 

600 

730 

1160 

15. 

Emergency Cells 

Current through cells 

1182 

688 

2342 

1399 

16. 

Hours required 

3 

3 

3 

3 

17. 

Hours with 100 p.c. in battery 

4 

4 

4 

4 

18. 

Per cent normal rate 

163 

163 

163 

163 

19. 

Normal rate of bat.—amp. 

726 

422 

1440 

857 

20. 

Batteries 

H 37 

H 23 

H 73 

H45 

21. 

Normal rate 

720 

440 

1440 

880 

22. 

Machines 

Total circuit load B. H. 

896 

1578 

1548 

2937 

23. 

Machines to float load 

I'M 10 

M 10 

M 6 

M 10 

M 6 

M 10 
M 10 


3 Rect. 3 Rect. 


In this particular case, the initial period terminates in 1930 and the ultimate is reached by 1940. 
The 1940 ultimate requires provision for three 10,000-line units, for which initial provision must be made 
in the following: 

Size of battery tanks. 

Floor space for ultimate machines and control boards. 

Conduit layout and sizes of power wire. 

Traffic data was available for units No. 1 and No. 2. The first item, “ mechanical units No. 1 
and No. 2” tabulates an initial 1930 requirement for 337 ampere hours on a 24-volt basis and 890 ampere 
hours on a 48-volt basis, for these two units. The ultimate 1940 requirement for these two units is 435 
ampere hours on a 24-volt basis and 1038 ampere hours on a 48-volt basis. 

Referring to Figure No. 1, it will be noted that duplicate 48-volt batteries are provided for machine 
switching offices, one being charged while the other is in use and that 24-volt current is tapped off at the 
center of the 48-volt batteries. The 24-volt batteries must accordingly have a capacity equal to the 
sum of the 24 and 48-volt requirements, and are calculated from item No. 1 of columns C and F, which 
are the sums of item No. 1 of columns A and B, and D and E respectively. The halves of the batteries 
contributing to only 48-volt current are calculated from columns B and E. 

Accordingly, for units No. 1 and No. 2, each of batteries 1-A and 1-B (see Figure No. 1) must have 
an ultimate 1227 ampere-hour and a 1473 ampere-hour capacity. 

Ultimately the power equipment must take care of a third unit on which the Telephone Company 
had no available traffic figures. An estimated allowance of approximately one-half the 24 and 48-volt 
drains of item No. 1 was provided for this unit. 

In calculating power equipment for mechanical offices, it is occasionally the case that provision 
must be made to supply power to manual or toll offices that may be in the same building. In this event 
the initial and ultimate drains for such units are computed as in the case of the mechanical units and are 
added to the mechanical unit drains. Items No. 3 and No. 5 of the previous table represent provision 
to be made for a toll, toll-test and Morse installation in the same building with the mechanical units. 

Item No. 4 represents a minor allowance usually made for drain due to outside line leakages. 

Item No. 6 represents the battery drain that must be provided for to run the mechanical frame 
duplex motors (48-volt basis) in case of failure of the outside A. C. power source. 
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Totaling items No. 1 to No. 6, the initial busy hour 1930 drain, for which the plate equipment 
of each of batteries 1-A and 1-B must be calculated, is 1864 ampere hours. The plate equipment of each 
of batteries 2-A and 2-B must be calculated for an initial busy hour 1930 drain of 1182 ampere hours. 

The ultimate 1940 busy hour drain, for which the ultimate plate equipment and initial tanks of 
batteries 1-A and 1-B must be calculated, is 3731 ampere hours. The ultimate 1940 busy hour drain, 
for which the ultimate plate equipment and initial tanks of batteries 2-A and 2-B must be calculated, 
is 2342 ampere hours. 

In the case of machine switching offices where there is only one outside source of power and a reserve 
house plant is provided as in the present case, batteries are designed for a three-hour reserve, that is, 
for such a reserve capacity that they will carry the exchange load, including the drive motors, for three 
hours at a discharge rate equal to the busy hour discharge rate, in the event of a failure of the outside 
power source. 

It is further necessary to provide batteries of sufficient size to give this three-hour reserve when the 
batteries have been reduced by age to 75 per cent of their rated capacity, that is, in order to have a 
three-hour reserve capacity in the ultimate, a four-hour reserve capacity must be provided initially, 
since the battery, after aging, when it is delivering 75 per cent of its rated capacity, will then have the 
three-hour reserve capacity required. 

The normal discharge rate upon which storage battery capacities are rated is eight hours. For ex¬ 
ample, a 1000-ampere battery discharging at the normal discharge rate of eight hours is rated as an 
8000-ampere hour battery. The same battery, however, discharged at a four-hour rate will not deliver 
2000 amperes, but only 163 per cent of its normal discharge or 1630 amperes. Figure No. 10 shows 
the discharge rate curve used in calculating battery sizes. 

Checking the four-hour capacity of the battery being calculated, with the rate curve, it will be 
noted that the battery will discharge at 163 per cent of its normal rate (see item No. 10 of table), and 
that therefore, a battery of a size capable of discharging 3731163 or approximately 2280 amperes at 
the normal eight-hour rate, will be required for the 24-volt supply in the ultimate (see Item No. 11, 
Column F of table). The remaining Item No. 11 figures in Columns B, C and E and is calculated similarly. 

In the event of power failure of the outside source, the 24-volt batteries 1-A and 1-B would be 
thrown in parallel, as would the 48-volt batteries 2-A and 2-B. To furnish the required current for three 
hours, each of batteries 1-A, 1-B, 2-A and 2-B would only have to furnish one-half the current and the 
normal discharge rates of each half would be those given in Item No. 12, Columns B, C, E and F. 

From battery tables the nearest larger size of battery is selected. As shown in Item No. 13, H-37 
and H-59 cells are required in the ultimate for batteries 1-A and 1-B and batteries 2-A and 2-B respec¬ 
tively. Therefore, tanks of this size are furnished initially. However, for the initial period, only 
H-21 and H-31 elements, with normal discharge rates of 400 and 600 amperes respectively, are required. 
Therefore, the H-37 and H-59 tanks are equipped initially with only enough plates to furnish the 400 
and 600-ampere normal discharge capacity. 

12.32 Emergency Cells. 

The sizes of emergency cells required for both the 24 and 48-volt batteries are calculated in the 
same manner as the regular 24 and 48-volt cells. Referring to the table it will be noted that the column 
figures of Item No. 15 correspond to the column figures of Item No. 7, except that Columns A and D 
figures are used in Columns C and F respectively. The reason for this will be apparent when on referring 
to Figure No. 1 it will be noted that the emergency cell for the 24-volt batteries carries only the 24-volt 
current. 

The three emergency cells for the 48-volt batteries must be approximately twice as large as each 
of the component cells of the 48-volt batteries to have sufficient capacity to permit placing them in 
series with the two 48-volt batteries when they are paralleled for emergency operation. 
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It will also be noted the emergency cell for the 24-volt batteries is smaller in size than the cells of 
the 24-volt batteries, since it need only have the 24-volt current capacity. In this connection it should 
be remembered that the 24-volt battery cell sizes are calculated on a basis of totaling the 24-volt and 
48-volt drains. 

12.33 Charging Generators. 

In Item No. 6, Columns B, C, E, and F, it will be noted that provision is made in the batteries for 
a 327-ampere initial and a 794-ampere ultimate drain in the busy hour for driving the frame motors 
in case of a failure of the outside power source. 

Since this is reserve battery capacity and need not be considered in calculating the machine capa¬ 
city required for charging and floating batteries, the quantities of item No. 22 are obtained by subtract¬ 
ing the item No. 6 quantities from the item No. 7 quantities. In this connection, it should be borne 
in mind that in the event of a failure of the outside source, the charging generators would be out of service 
and the batteries could not be floated on the charging generators at a time when the busy hour discharge 
rate would equal the totals of item No. 7. 

The nearest larger size standard generators capable of delivering the busy hour circuit load currents 
listed in item No. 22 are then selected from generator tables. In this case it will be noted that initially 
a 1000-ampere generator (M-10) is required for charging the 48-volt batteries and a 1600-ampere gen¬ 
erator (an M-10 and an M-6 in parallel) is required for charging the 24-volt batteries. These machines 
are provided initially in duplicate in order to provide for charging one-half the battery equipment while 
the other half is carrying the load floating on the charging machines. 

Provision must be made for the ultimate machine equipment (six M-10 generators) in floor space, 
power boards, and conduit and wiring arrangements. 

Three mercury arc rectifiers were furnished for this equipment to float the batteries during the 
light load periods. These rectifiers are of a standard 50-ampere capacity and function the same as 
the charging motor generator sets (in areas where the outside source is A.C.) in transforming A.C. into 
D.C. for battery charging. Rectifiers are as a rule suitable for use in floating and charging the busy 
hour load in small offices or the light load in large offices. 

12.4 Calculation of Ringing Machine Sizes. 

The capacity of a ringing machine, or its ampere rating, is determined on the basis that one ampere 
output is required for each 12,000 busy hour calls. This figure is used in case the type of ringing is 
such that the machine can be triple decked. In the event that the machine is to piovide foi semi- 
selective ringing, its capacity should be calculated on the basis that one ampere output is requiied foi 
each 8,000 busy hour calls. 

The following are the figures pertaining to the ringing machine calculations of the office for which 
the calculations of the battery and charging machine sizes were given. (See Paragraph 12.3). 

Ringing Machine—Two-party selective alternating. 

Local calls 13,300 

Incoming calls 25,900 
F.M. Toll 2,300 


41,500 for units No. 1 and No. 2. 
20,750 for unit No. 3 (estimated) 
3,070 Toll 


65,320 -5-12,000 = 5.45 amperes. 

Use P-2 ringing machines, one regular and one reserve of a six-ampere capacity. 
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13. Conduit and Power Wiring. 

Power leads for connecting the various batteries, machines, control boards and distributing panels 
of machine switching offices fall into the following classes: 

(a) Bus-bars. 

Used for connecting power units such as the main and emergency batteries with the 
battery control board, in cases where the current drains are so heavy that it 
would be impractical to furnish rubber-insulated cable (see leads designated 
bus-bar on Figure No. 1). Such units are placed as near to each other as 
possible in order to reduce the requirement for copper. 

(b) Braided rubber covered cable and wire. 

Cable or wire in iron conduit is used for all other leads connecting the various power 
units, including the leads to the various battery distributing panels. Leads 
between power units in a floor fill are placed in conduit in order to protect the 
leads from mechanical injury. Exposed leads carrying 110 volts or over must 
be in conduit in order to meet the requirements of the National or Local Board 
of Underwriters. Exposed leads carrying lower voltage current are usually 
placed in conduit for the sake of appearance. The smaller leads from distribut¬ 
ing panels to selector frames are usually run exposed on cable racks. Conduits 
are run either in a floor fill (see Paragraph 1.92,of Section VIII) or on the ceiling 
of the floor below. In the latter case suitably located slots or sleeves are left 
in the power room floors during building construction, through which the con¬ 
duits can be brought to the various machines and power boards, the conduits 
being supported by hangers on the ceiling below. 

Combinations of the two methods of running conduit are used quite frequently. 

Refer to Figures No. 7 and No. 8 of Section VIII. At this exchange the bat¬ 
teries are in the basement and the machines, power board and battery control 
board are on the first floor. All the power leads to the basement equipment 
are run with exposed lead-covered cable on the basement ceiling, while all the 
power leads between the first floor power units are run in conduit in a fill in 
the first floor. 

Solid wire is usually furnished for leads of gauges running from No. 14 to No. 6. 

Stranded cable is used for leads requiring No. 4 gauge or larger conductors. 

Stranded cable is made up of a number of smaller wires twisted together and 
gives the flexibility which will permit of pulling around a number of conduit 
bends, while at the same time it gives the same current carrying capacity as a 
solid wire of the same cross-sectional area. Cables and wires are rubber-insu¬ 
lated and are protected from abrasions by a braided covering, this being single 
for No. 8 and smaller sizes and double for No. 6 and larger sizes. A stronger 
protective covering is required for cables since they are subjected to greater 
strains than the smaller wires when being pulled into conduit. 

Figures No. 11 and No. 12 show the installation of conduit in a floor fill at Whitehall 
(New York) office and give a good idea as to how the work is done, and why 
fills up to 12 inches above the floor beams may be required in order to cover the 
conduit pile-ups and bends. Conduit layouts in floor fills may bring conduits 
to the control panels either by means of bends as shown in Figures No. 11 and 
No. 12 or by means of conduit boxes. The latter method is usually employed 
when the congestion of conduits at the panels would be too great if bends were 
used. In this event conduit boxes slightly higher than the floor fill are pro¬ 
vided at the panels and the conduits are brought straight into the side of the 
boxes. 
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Conduits are furnished of a size to fit the lead or leads they are to carry and must 
be of a size large enough to permit pulling the power leads into them after they 
have been installed. After the sizes of leads have been calculated, the conduit 
sizes required are selected from conduit capacity tables which have been pre¬ 
pared. Probably the most commonly used conduit is the two-inch size. Sizes 
ranging up to three and one-half and four inches are frequently used. 

It is not considered practicable to pull power cable around more than four right- 
angled conduit bends. If the layout introduces more than three or four right- 
angled bends in a run, suitably located pull-boxes are provided. Pull boxes are 
also furnished at suitable intervals in excessively long straight conduit runs. 

Cables of greater than 800,000 c.m. are seldom used, since the difficulties attending 
pulling larger cables through conduits are too great. If larger leads are required 
a number of smaller leads in parallel are furnished, which may be run in two or 
more parallel conduits. 

All A.C. leads in conduit must be balanced from an inductive standpoint, that is, all 
the leads of all the phases of the A.C. must be run in the same conduit. If 
this were not done, the varying A.C. field about the separated leads would cause 
excessive heating of the conduits due to magnetic hysteresis and eddy currents 
in the conduit iron. Excessive voltage drops would also be caused. 

The primary consideration in calculating power discharge lead sizes is that, with 
a given current to be carried, the voltage drop must not exceed certain definite 
limits. Referring to Figure No. 1, under the table designated “ allowable volt¬ 
age drops,” it will be noted that leads B, T, H, P, and J must be of such a size that 
the difference between the voltage at the 48-volt batteries and at the 48-volt 
regulated and ground bus-bars of the distributing panels, must not exceed 2.25 
volts. In other words, if the voltage at the batteries equals 47.25, the voltage 
at the distributing fuse panel bus-bars must not be less than 45 volts, a per¬ 
missible voltage drop of 2.25 volts. Similarly the drop in leads C, T, H, P, 
and K between the 48-volt batteries and the incoming coil rack fuse panel bus¬ 
bars must not exceed 2.25 volts, and the drop in leads C, D, E, and G between 
the 24-volt batteries and the district and incoming coil rack fuse panel bus-bars, 
must not exceed 1.75 volts. 

The size of each of these leads is determined in the following manner. The average 
busy hour discharge current in the lead is determined from the data given in the 
list in Paragraph 12.31 of this Section. It is apparent that there will be certain 
peaks in the busy hour during which the average busy hour current will be ex¬ 
ceeded. These peaks are considered to be one-third the average busy hour 
current or: 

Peak Current = one and one-third X Average Busy Hour Current. 

The capacity of the fuse required to protect a lead is taken as one and one-half times 
the peak current. Fuses are rated in amperes, and are of such cross-sections 
that they will carry their rated capacity in amperes for one and one-half minutes 
before blowing. Accordingly, if a lead were fused by a fuse whose rated capacity 
equalled the peak current, it would blow, provided the peak current lasted for 
more than one and one-half minutes. Since the fuses must be large enough 
to carry the peak currents indefinitely, they are made of a size equal to one 
and one-half times the peak current. 

Thus: 

Fuse Capacity = one and one-half X Peak Current. 
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Since: 

Peak Current = one and one-third X Average Busy Hour Current. 

Then: 

Fuse Capacity = two X Average Busy Hour Current. 

The Board of Underwriters’ rules, however, require that a lead must be protected 
by its fuse. Consequently a lead must be furnished of a size that will carry 
the rated ampere capacity of the fuse which is protecting it. This cable or 
wire size is the minimum size that can be furnished. 

Using this size of cable or wire, the voltage drop may then be calculated, since we 
know the peak current to be carried. If the drop calculated exceeds the per¬ 
missible drop, it will be necessary to use a larger size conductor. As a general 
rule, the lead size will be controlled by the permissible voltage drop, except in 
cases where the run is relatively short. In such cases, the voltage drop would be 
quite small, and consequently the conductor size would be determined by the 
rated fuse capacity. 


14. Drive Motors for Mechanical Frames. 

One-sixteenth horsepower duplex motors are used for driving the sequence switches and selectors 
on the various types of mechanical frames. (See Paragraph No. 12 and Figure No. 12 of Section III; 
also Figures No. 3, No. 7, No. 9, No. 13, No. 14, and No. 15 of Section IV and Figures No. 4, No. 5, 
and No. 6 of Section V.) These motors are of two general types, the so-called “A.C.-D.C.” motor, 
which is arranged to operate initially on 220-volt to 240-volt (wound for 230 volts), 60-cycle A.C., and 
which in case of failure of the A.C. source, will operate on 48-volt D.C. from the exchange batteries,, 
and the so-called “D.C.-D.C.” motor, which is arranged to operate initially on a 220-volt D.C., and 
which in case of failure of the D.C. source, will operate on 48-volt D.C. from the exchange batteries. 

In the case of some of the earlier machine switching equipments one-eighth horsepower unit motors 
are used to drive the mechanical frame equipments. These motors operate from an outside A.C. source. 
In the event of a failure of that outside source, control equipment on the power board operates to start 
up a battery driven alternator, which furnishes A.C. of the same characteristics as the outside A.C. 
source. The unit motors are then cut in automatically on the emergency alternator set in groups by 
means of contactors. On restoration of the outside source, the control equipment automatically cuts- 
out the emergency alternator set and replaces the exchange motor load on the outside A.C. source. 

Figure No. 13 shows a view of the method followed in mounting a drive motor on a selector frame. 
A unit motor is shown, but the method of mounting both unit and duplex motors is the same. In the 
case of double-sided frames, such as the line-finder, district, office, incoming, “B” sender and sender- 
selector and final, the motor axis is at right angles to the frame axis, as shown in Figure No. 13 of this 
Section and in Figure No. 3 of Section III. In the case of single-sided frames, such as the two and three- 
digit sender frames, make-busy frame, etc., the motor axis is parallel with the frame axis as shown in 
Figures No. 13, No. 14 and No. 15 of Section IV. 

The motors are mounted on suitably designed brackets such as the one shown in Figure No. 13, 
the motor being fastened on the bracket by means of the clamping arrangement shown. The motor 
shaft fastens to the driven shaft by means of a pin coupling. In the event that any particular motor 
becomes defective in its operation, it can be removed in a few seconds by releasing the bracket clamp 
by hand (operate the clamp lever shown below the bracket) and pulling the motor out of place. The 
coupling pins merely pull out of their sockets when the motor is drawn out. The new motor is then 
slid into place and clamped in the reverse order of its removal. 

Figure No. 14 shows a view of an A.C.-D.C. duplex motor with its end plate and armature removed.. 

Figure No. 15 shows a view of the same motor with the armature in place. 
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These figures show clearly the duplex design of this motor. It is in reality two complete motors, 
a shunt-wound D.C. and an A.C. induction motor enclosed in a unit casing. A D.C. armature with 
its commutator is placed on one end of the armature shaft with an A.C. rotor at the other. Separate 
fields, a D.C. shunt and an A.C. stator winding, are provided to correspond. Referring to Figures 
No. 14 and No. 15 and Sketch No. 2 of Figure No. 8, it will be noted that the brushes of the D.C. motor 
are normally held away from the armature by means of springs, but are pulled down on the armature 
by means of a brush closing magnet which is energized when the A.C. relay releases due to the failure 
of the outside source. On restoration of the outside A.C. source the A.C. relay is again operated, which 
opens the D.C. shunt field and breaks the current through the brush closing magnet, permitting the 
springs to pull the brushes away from the D.C. armature. The transition from A.C. to D.C. operation 
and the reverse transition back to the A.C. operation is accomplished without even the minutest varia¬ 
tion in motor speed. Notice of failure of the outside source is given to the maintenance men by means 
of a lamp and bell located at the floor alarm board, these being operated by the third lead from the 
motor, as shown in Sketch No. 2 of Figure No. 8. 

The construction and operation of the D.C.-D.C. duplex motor is the same, except that the motor 
is a double D.C. motor operating from a line D.C. source. 

One-twelfth horsepower duplex motors of the same design and characteristics as the one-sixteenth 
horsepower duplex frame motors are used for driving the pulse machines of three-digit offices. 

Unit 48-volt battery driven motors with a speed regulator are used for driving the routine testing 
frames which will be discussed in Section XII, it being required that the testing mechanisms operate 
at as constant a speed as possible. 

15. Lighting Equipment. 

Figure No. 16 shows a typical layout of lighting equipment as provided for mechanical equip¬ 
ments. This figure also illustrates the provisions made for wiring the line A.C. or D.C. to the frame 
drive motors. 

Due to the maintenance requirements of mechanical equipments, it is essential that a comprehensive 
system of overhead aisle lighting, as well as a suitable distribution of plug receptacles, into which exten¬ 
sion lights can be plugged, be provided. Figure No. 16 should be studied in detail, noting the following. 

Table of conventions. 

Lighting conduit arrangement for aisle lights. 

Lighting conduit arrangement for plug receptacles. 

Method of feeding lighting circuits from ceiling outlets. 

Use of pull switches at aisle entrances. 

Conduit sizes and fittings. 

The conduit system associated with the drive motors should also be studied in detail in conjunc¬ 
tion with Figure No. 8, Sketches No. 1 and No. 2, noting the following: 

Table of conventions. 

Location of panel box (see Figure No. 9). 

Radiation of conduit system from panel box. 

Locations of frame conduit boxes. 




























Section XII 

Routine Testing Equipment 

1. Object of Operating Tests. 

In Section VII are described the various testing and maintenance units provided in machine switch¬ 
ing offices for the general purpose of clearing troubles that have already occurred, these troubles being 
reported automatically or otherwise to the proper testing point. The equipment in trouble is taken 
out of service and, after being repaired and tested for proper operation, is again put back in service. 

This Section of the Equipment Notes will describe the equipment and general operating features 
of the so-called “routine testing” facilities which are being provided in each full-mechanical office, in 
addition to the trouble indicating and testing equipment described in Section VII. As its name indicates, 
the routine testing equipment provides facilities for making periodic, or continuous operating tests of 
the mechanical equipment, the object of such tests being to find and take care of troubles before they 
seriously interfere with exchange operation. 

1.1 Types Used in Mechanical Offices. 

It is planned to provide routine testing equipment of the following types and forms in each mechani¬ 
cal office as required: 

1.11 Automatic test of subscribers’ senders. 

(Power-driven test frame) 

1.12 Automatic test of machine switching “A” operators’ senders and local senders. 

(Power-driven test frame) 

1.13 Automatic test of selectors and senders of the following types: 

District selectors. 

Office selectors. 

Incoming selectors. 

Final selectors. 

Machine switching “B” operators’ senders. 

(Power driven test frame) 

1.14 Stuck sender test. 

(Test frame, non-power driven) 

1.15 Manually operated routine testing equipment. 

1.151 Subscribers’ line test set. 

(a) For line switch offices—tests line and cut-off relays, line switch 
and dialing tone operation. 

(b) For line-finder offices—same as set for line switch offices except 
test of line switch is omitted. 

1.152 Selector test set for office, incoming and final frames. 

1.153 District selector test set. 

(Used in offices equipped with automatic testing equipment) 

1.154 District selector test set. 

(Used in small mechanical offices when automatic testing circuits are not 
used) 
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1.155 Cordless incoming selector test set. 

1.156 Cord testing set. 

1.157 Relay adjusting set. 

1.158 Start circuit test set. 

(For line-finder offices) 

Testing facilities of various kinds are provided in each outlying office where key or call- 
indicator equipment is provided. These testing units will be described in Section 
XIII. 

1.2 Requirement for Routine Testing Equipment. 

One of the principal requirements in the operation of a telephone exchange, either manual or mechan¬ 
ical, is that of maintaining the central office equipment in proper working condition. In the case of man¬ 
ual equipments, the central office equipment is relatively simple and the problem of keeping such appa¬ 
ratus in good working order is a comparatively easy one. However, in the case of mechanical offices, 
the central office equipment is much more complicated, the establishment of different classes of calls 
bringing into play, in varying combinations, power-driven sender and selector mechanisms of various 
types, each of which may afford opportunities for trouble to creep in. The amount of apparatus used 
in these circuits is very large, and much of it is made up of moving parts subject to loss of adjustment 
while in use or under repair. All apparatus of this nature, such as relays, interrupters, sequence switches, 
clutches, selector mechanisms, and stepper switches, must be watched to detect worn or broken parts, 
or loss of adjustment, which may be a result of the normal use of the equipment, or the result of mis¬ 
treatment. The development of any of these conditions may bring about either of two cases of trouble, 
prevention of the operation of a piece of apparatus and hence the stopping of the progress of a call, or 
prevention of the proper operation of one or more pieces of apparatus causing the circuit to make an 
incorrect selection and misroute the call. 

Such troubles would usually come to light only when the equipment fails to complete a call that has 
been assigned to it. It is evident that the more involved and delicately adjusted the chains of mechan¬ 
isms used in handling calls may be, the greater possibility there will be of troubles. Furthermore, if 
such troubles could only be detected when the equipment broke down in service, such interruptions 
might, if they were frequent enough, assume serious proportions from a service standpoint. It is also 
evident that the finding and clearing of trouble in complicated chains of mechanical equipment might 
easily take considerable time, even if the general location of the trouble may have been indicated by an 
automatic alarm or any other suitable means of trouble indication. During the time that circuits or 
associated chains of circuits are kept out of service while undergoing test and repair, the facilities for 
handling calls are correspondingly reduced. If a sufficient numberof ci rcuits of a kind were out of serv¬ 
ice simultaneously, service might be seriously handicapped. 

After a repair has been made, it is necessary to operate the circuit, or a part of it, many times to 
insure that the trouble has been cleared properly, before it can be turned back into service. Furthermore 
these trial tests must be made in such a manner as to parallel actual operating conditions. 

In considering the causes of trouble it has been determined that much of it is brought about by a 
slow breakdown or a gradual loss of adjustment rather than by a condition which developed suddenly. 
These troubles are generally caused by the weakening of spring tensions, the wearing of working parts 
or the uncertain operation of contacts due to dust or dirt. 

From the considerations outlined, it is apparent that if means could be provided for making contin¬ 
uous or periodic automatic routine tests of the central office equipment, these troubles, in practically all 
cases, could be detected and remedied before they seriously interfered with service. This would mean 
that interruptions to service due to apparatus troubles could be practically eliminated. Such routine 
test circuits also would provide a means of making a continuous series of repeated tests under actual 
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service conditions of a circuit or a chain of circuits after a repair has been made, before placing the 
circuit or circuits back in service. 

Routine test circuits in general are arranged to select automatically and test, one after another, 
the circuits of any group of circuits under test. The particular circuit under test is made busy to regulai 
calls on being seized for test by the testing mechanism, and is then put through all or a part of the steps 
it would normally make in carrying out its function in completing central office connections. Its progress 
is checked at each step to insure that that step has been properly performed. In case the circuit being 
tested should fail to operate properly, the test circuit is arranged to step, give an alarm and indicate by 
means of signals the nature of the trouble encountered. In case the circuit is found to be in good condi¬ 
tion, the test circuit will, on completion of the testing cycle, release it for regular service and take up the 
round of tests on the next circuit of the group. 

This principle of automatically “routining” groups of circuits is applied to all of the groups of 
major circuits involved in the handling of every class of call of any importance through the central 
office, and hence affords a means of continuously checking the operation of each of the links in the chain 
of communication with a view to keeping them in proper working order at all times. 

1.3 Requirement for Manual Testing Circuits. 

In addition to the automatic testing of circuits, it is necessary to make tests and adjustments in 
certain auxiliary circuits and equipment for which automatic tests are not considered necessary. It 
is also necessary to test certain features only of major circuits on a manual basis. 

Manual tests are also intended for use on groups of circuits in small offices which are not considered 
large enough to warrant the expense of automatic testing equipment. These circuits are much moie 
simple than the automatic circuits, and in some cases are patterned very closely after certain test cir¬ 
cuits in use in manual exchanges. This group makes up the other class of test circuits which are known 
as “manual routine test” circuits. 

2. Subscribers’ Sender Automatic Testing Equipment. (For two and three-digit type senders.) 

The function of this equipment is, as its name indicates, the automatic testing of the subscribers 
senders. (See Paragraph 7, Section IY). It is arranged to select automatically for test one sender 
after another by means of a train of stepper switches arranged as shown in Figure No. 1. With this 
arrangement it is possible to select any one of 400 senders, the testing circuit being connected to any 
one of the 400 senders, through the medium of the master and secondary stepper switches. The sender 
test circuit is arranged to test both coin and non-coin senders. The coin senders are, however, usually 
tested separately and are therefore isolated on the higher numbered sender selecting switches, switches 
No. 19 and No. 30, for example. In cases where less than 400 senders are equipped, provision is made 
for skipping unequipped points on the selecting switches and unequipped selecting switches, represented 
by unequipped points on the master switch. 

One or more sender test circuits may be furnished at an office depending upon the number of senders 
and the amount of routine testing that is to be done. Two test circuits will afford rather a desirable 
flexibility, in that either circuit can be used independently of the other to make parallel or different 
simultaneous tests of the various sender groups, thus cutting down the time it would take to make a 
complete cycle of the sender tests. One test circuit could also be used for straight routining, while 
the other is used for making tests on any particular sender which may be undergoing repairs or alterations. 

2.1 Equipment Arrangement of Sender Test Frame. 

Since the amount of equipment in a sender test circuit is rather large, and since the operating speed 
of the apparatus requires careful regulation, the equipment of one sender test circuit is mounted on 
a special frame, called a “sender test” frame, of the type shown in Sketch No. 1 of Figure No. 2. This 
frame is of a single-sided relay rack type, approximately four feet long consisting of two bays, the right 
hand bay providing mounting space for the master selector and sender-selector stepper switches referred 
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to in Figure No. 1, a lamp and key cabinet, equipped as shown in Sketch No. 2, Figure No. 2, and a 
set of relay equipment enclosed in a cabinet, the left hand bay providing mounting space for the se¬ 
quence switch and interrupter equipment of the circuit. At the right end of the frame two vertical 
rows of terminal strips are provided to terminate cabling to the frame and to afford cross-connection 
facilities as will be described later. At the bottom of the frame is provided a unit fuse panel and ground 
bar, and a jack box, terminating two jack-ended talking circuits and a small number of other miscel¬ 
laneous jack-ended circuits. 

Associated with each master and sender-selector stepper switch is a so-called “stepping” key, 
which is used to move its associated switch around to any desired position in order to reach any par¬ 
ticular sender. 

It should be noted that the key and lamp cabinet is located at a convenient height from the floor 
so that all the miscellaneous keys may be operated as required, and so that the lamp indications may 
be accurately observed during a test. The keys grouped at the bottom of the cabinet are required 
for controlling the test circuit operation. Their functions, as well as the functions of the rows of lamps 
as indicated by the designations shown, will be described in the following: 

All senders in the exchange are cabled, six leads per circuit, from the respective sender frames on 
which they are mounted, to the terminal strips on the sender test frame numbered 1 to 20 (20, six-point 
blocks on a basis of 20 senders per block will accommodate 400 senders) from whence they are wired 
in a local form to the stepper bank terminals of sender-selector switches numbered 1 to 20. Five cir¬ 
cuit cables are used, these being doubled-up at the various sender frame terminal strips with corre¬ 
sponding cables extending to the district sender-selector stepper switches. 

Terminal strip No. 23 is used for miscellaneous powder leads, and terminal strips No. 21 and No. 22 
are used for the purpose of making cross-connections between the control and register sequence switches 
as will be described later. 

In the event that two sender test circuits are provided in an office, a second framework unit of the 
same type as the one just described is furnished. Both frames are driven by the same motor through 
the medium of the drive mechanism shown in Sketch No. 1 of Figure No. 2. The nature of the testing 
circuit is such that practically constant speed is required at all times. A specially designed 48-volt 
D.C. motor, operated from the exchange battery, is used. The motor contains a speed regulating device 
that will maintain constant motor speed under the battery voltage variation limits from 45 to 50 volts. 
The drives used in reducing the speed between the motor and the sequence switch drive shafts contain 
a commutator arrangement which is used for providing pulses to operate trains of counting relays as 
will be described later. 

In cases where the use of two sender test circuits is warranted, half the senders are cabled to one 
frame and half to the other, the senders appearing on each frame being multipled to the other so that 
the master and sender-selector switches on each frame may have access to all the senders if so desired. 
The arrangement also has the desirable advantage of dividing the switchboard cabling incoming from 
the sender frames over two frames, thus reducing cabling congestion at the terminal strips. 

2.2 Test Call Range of Sender Test Circuit. 

The calls that a mechanical subscriber can make are divided into a number of well defined classes, 
some of which are as follows: 

Calls to another mechanical subscriber in the same or another mechanical office. 

Calls to a manual subscriber via a call-indicator, to a number below 10000 with a 
station suffix, or to a number over 10000. 

Calls to a manual subscriber via a tandem call-indicator. 

Calls to zero operator. 

Calls to a recording operator. 
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The sender test circuit is arranged to set up test calls of these and other types, and is also arranged 
to test the ability of any sender undergoing test to take care of cases when a subscriber dials an unas¬ 
signed code or when a correctly assigned code has been dialed but the call has been sent to overflow, 
due to all the trunks of a path having been found busy. 

2.3 Automatic Sender Test Operation. 

Referring to Paragraph 7.51 of Section IV it will be noted that sender operation in a mechanical 
to mechanical call, using three-digit sender, is as follows. 

On receipt of dial tone the subscriber dials thi'ee letters and four numbers which 
register on seven stepper switches. 

The three-letter code registrations are “translated” into register relay settings which 
will direct trunk hunting selectors—district and office selectors as required 
to find a trunk to the destination desired. 

“DB ” “DG ” “OB,” “OG,” “TH,” “H,” “T” and “U” register settings in the 
sender control the selection and operation of district, office, incoming and final 
selectors to find the called lines. Each of the above mentioned register settings 
function in association with a set of counting relays and the selector commuta¬ 
tors in directing the travel of the various selector mechanisms. For each of 
the successive selections, the proper commutator sends back a series of pulses 
into the sender, and the register determines at which pair of counting relays, 
of the 10 pair which make up the set, the count shall start. The commutator 
then runs down the counting relays until the last pair has opeiated and the 
register has been satisfied. In making the mechanical to mechanical call, taken 
as an example, it will be noted that nine successive operations of the counting 
relays will be required to satisfy the eight register settings made, before the 
called line terminals are reached. Two operations are required for the “TH” 
selection, these being IB (incoming brush) and IG (incoming group). The 
number of register settings made, and hence the number of counting lelay oper¬ 
ations, vaiies with the class of the call, the sender being arranged to automati¬ 
cally adapt itself to class variations on receipt of the varying series of pulses 
from the subscriber’s dial. Furthermore, the sender, by means of its transla¬ 
tion mechanism, is arranged to conform to the district and office multiple assign¬ 
ments of any particular office, this being accomplished by means of translator 
cross-connections. 

From the above brief description of sender operation, it is evident that any automatic sender test¬ 
ing mechanism designed to exercise and test a sender for proper operation must accomplish the following. 

Provide means for selecting and making busy to regular service any one of a group of 
senders. 

Originate test calls of each class of call. 

Manufacture pulses to correspond to the subscriber’s dial pulses and feed them in 
to the registers of the sender under test. 

Provide means for duplicating the operation of all the selector mechanisms, distiict, 
office, etc., in other words, provide an artificial means of running down the sendei 
registrations. 

Provide suitable means for checking the correctness of each step of the sender opera¬ 
tion, means for giving an alarm when trouble is encountered, and facilities foi 
indicating the nature and location of the trouble. 

Referring to Figure No. 2, sender test operation may be briefly described as follows: 

The sender to be tested is found by means of the master and sender-selector stepper switch equip¬ 
ment as described in Paragraph 2. 
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The pulses corresponding to the subscribers dial pulses are manufactured by the special inter¬ 
rupters designated “Low” and “High.” Either of the two may be used at will depending upon whether 
it is desired to send pulses into the sender under test at a low or a high rate of speed. These rates of 
speed approximate the speed limits of the subscriber's dial. 

Provision for originating the various classes of calls is controlled by the sequence switch designated 
“ROUT. CONT.” When standing in any one of its positions it controls letter code registrations, and 
hence governs district and office brush and group selections. The sequence switch designated “NU¬ 
MERICAL” controls the numerical and party line registrations required for incoming and final selector 
operation or for call-indicator operation. It is also used to cut in so-called “compensating resistances.” 
It is evident that each subscriber's sender in an exchange area must be qualified to function properly 
in the routing of calls over any length of line in that exchange area, and must be able to adjust itself 
automatically to all varying line conditions. The line resistance would vary greatly in the cases of 
calls routed as follows: 

Local exchange operators. 

Local mechanical subscribers. 

Inter-office manual or mechanical subscribers. 

Manual or mechanical subscribers reached through a tandem point. 

The sender is accordingly designed to function properly over the maximum lengths of lines, and 
compensating resistances are cut in automatically on lines of lesser length to permit of uniform operating 
conditions in the sender. 

In the case of automatic tests of senders, the fine variations in resistance for varying classes of 
calls are duplicated artificially in the sender test circuit and are cut in automatically as required, by the 
“NUMERICAL” switch. 

Register switches designated DB (district brush), DG (district group), OB (office brush), OG 
(office group), CODE A, CODE B, CODE C (office codes), THOU (thousands), H (hundreds), T (tens), 
U (units), SH (station hundreds), ST (station tens), SU (station units), TS (talking selection), are pro¬ 
vided to control the number of pulses that are permitted to pass into the registers of the sender under 
test. The setting of the ROUT. CONT. and NUMERICAL switches determines which of the register 
switches are to be used for the different classes of test calls. The register switches are flexibly cross- 
connected to the control switches to suit the multiple assignments of each individual office. 

The function of the control switch, designated “CON,” is to direct the pulses made by the HIGH or 
LOW interrupters through the proper register switches in proper order for each class of test call. Thus, 
on a test call to a mechanical subscriber, registers CODE A, CODE B, CODE C, THOU, H, T, and 
U would be used initially in setting up the registers of the sender under test. With the ROUT. CONT. 
and NUMERICAL switches placed in proper position for this class of call, the CON switch connects 
either the HIGH or LOW interrupter (assume that the HIGH interrupter is used) in series with the 
CODE A switch. The HIGH interrupter makes a complete revolution, making 10 dial pulses. Assum¬ 
ing that CODE A switch is set for six pulses, the CODE A register of the sender under test will receive 
six pulses, the remaining four being blocked by the CODE A switch and wasted. The CON switch 
then moves to another position and brings the CODE B switch into connection with the HIGH inter¬ 
rupter, which again makes another complete revolution and generates 10 more pulses. Assuming that 
CODE B switch is set for three pulses, the CODE B register of the sender under test will receive three 
pulses, the remaining seven being blocked by the CODE B switch and wasted. In a similar manner 
the other sender registrations are taken care of. 

The sender under test having received a register setting for a certain class of call, translates the 
letter registrations into DB, DG, OB and OG registrations, as required, by means of its translator mech¬ 
anism. Similar registrations were given the DB, DG, OB, and OG register sequence switches, by the 
ROUT. CONT. switch at the time the CODE A, CODE B, and CODE C register sequence switches 
were set, these settings to be used as a check of the corresponding translations in the sender under test. 
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The sender test then functions to direct DB selection and the translated DB setting determines 
at which pair of counting relays the count of pulses shall start. In ordinary operation the district, 
commutator would send back pulses to the sender and run down the counting relays. With the sender 
under test, however, no district commutator is available and provision for running down the counting 
relays of the sender is supplied by means of a shaft commutator which is a part of the drive mechanism 
of the sender test frame. 


The test circuit is so arranged that whenever the fundamental circuit is closed so as to connect 
the counting relays of the sender under test to the drive commutator, it will also operate a set of count¬ 
ing relays in the test circuit. As both sets of counting relays are operated from the same commutator 
and are controlled by the opening and closing of the same circuit, the same number of relays will be 

operated in each set. 


If the number of counting relays operated checks with the setting of the DB register switch, the 
test circuit proceeds to the next selection which is DC. If the DB setting is not properly satisfied, the 
test circuit will stop, give an alarm signal and light a “progress” lamp to indicate which selection was 
being tested, and a “match” lamp lights showing the setting of the DB register switch. (See Sketch No. 2 
of Figure No. 2.) Operation of the P.I. key on the part of the testmen will bring in a pulse lamp 
which will indicate the number of pulses recorded on the counting relays. Comparison of the lighted 
match and pulse lamps will show up the irregularity which caused the test circuit to stop. 


In a similar manner the sender test circuit functions to test and check in consecutive order the 
DG, OB, OG, THOU, H, T, and U selections. 

The handling of a test call to a mechanical station, as given above, is typical of the way test calls 
are made of other classes, such as those enumerated in Paragraph 2.3. These calls of other classes re¬ 
quire, however, varying combinations of the sequence switch registers, as controlled by the settings 
of the ROUT. CONT. and NUMERICAL switches, and a varying use of the match, pulse and progress 


lamps in the cabinet. 


2.4 Sender Test Equipment Uses. 

The three principal uses of the sender test equipment are as follows: 

Routine test of the entire group of senders. 

Testing a particular sender which has been reported out of order to determine the 
exact nature of the trouble. 

The testing of a certain circuit during the time it is receiving or after it has received 
a wiring change or an apparatus adjustment. 

In the case of the routine test of groups of senders as described in Paragraph 2.4 which is practicallj 
automatic, there is required a certain amount of attention on the part of the attendant, as will be descn e 
in the following. 

Normally, in making a routine test, only one type of test call will be made at a time on the successive 
senders of any sender group under test. It is possible,however,by operating the multi-test (Ml) e\ 
(see Sketch No. 2 of Figure No. 2) to make all the different test calls on each sender before moving to 
the next. In making one test per circuit, the two control switches and whichever group register switches 
are involved, will be set by hand in the proper position for making that test. Having set the switches 
the start key will be operated and the test circuit will proceed to test the first sender. This sender will 
be reached as shown in Figure No. 1, when the master selector moves into position No. 1 and connects 
to selector No. 1, which also steps into position No. 1. This gives the test circuit a connection to the 
first sender on the first frame, which it tests to determine whether it is busy. If it is busy, the test circuit 
will wait until the sender becomes idle, or until a certain interval of time has elapsed, after which it wi 
give an audible alarm and light the time alarm lamp in the lamp panel. The time alarm circuits ot the 
various test frames have lamps in the floor and main alarm boards. In case the alarm indicates a busy 
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sender the attendant will determine which circuit it is by reading the position of the master selector 
and sender-selector brushes after which the necessary attention can be given to the sender. 

The time interval during which the test circuit will wait for the sender to become idle will be deter¬ 
mined by the Telephone Company’s maintenance organization and can be changed at any time by means 
of strapping at the time alarm stepper switch bank. (See Sketch No. 1, Figure No. 2). If the sender is 
found idle or becomes idle while the time interval is being counted off, the test circuit will take control 
of it, making it busy to regular service. The particular test for which the control switches have been set 
will be made on the sender and if it is found to be satisfactory it will be released. The sender-selector 
steps into the next position, making a bus} r test on the next sender and proceeds as on the previous one. 
After all the senders connected to selector switch No. 1 have been tested, the master selector will advance 
one position giving access to the next sender selector switch and its twenty associated senders. 

Various features of the test are under control of keys and can be used when desired. Some are used 
to put into effect certain conditions during a routine test; some for resuming the test after trouble has 
been found; and still others for use in making special tests. 

At the end of a routine test of the entire group of senders the masters and sender-selectors will 
return to normal and the end of cycle (EC) lamp will light. If during the test the end of cycle (EC) 
key is operated, the EC lamp will not light at the completion of the test and the circuit will start another 
cycle of tests over the senders. 

The busy meter (BM) key is used to step the selecting switches past any stuck sender or any sender 
out of service, at the discretion of the testman, after the selecting mechanism has reached that sender. 
With this key normal the test circuit will wait and give an alarm. 

Under normal conditions tests on each sender are made first with an interrupter used to represent 
low speed dial pulses and then high speed pulses. The operation of either the low speed (LS) or high 
speed (HS) keys will cause the circuit to use the corresponding dialing condition. 

In the same manner the operation of either the maximum line (Line) key or the minimum line 
(iVne) key will cause the circuit to test only one condition. If the keys are normal the circuit will use 
alternately maximum and minimum subscribers’ lines. The terms “Max. Line” and “Min. Line” refer 
to the loop resistances of subscribers’ lines. 

After the circuit has stopped, due to a case of trouble which has been cleared or recorded, the time 
alarm (TA) key is operated to restore the (TA) circuit to normal, and the control advance (CA) key 
is operated to allow the test circuit to step to the next sender. 

The circuit is arranged so as to normally make a routine test on both non-coin and coin senders. 
However, the two groups are connected to different groups of selectors as already outlined and when the 
non-coin only (NCO) key is operated the circuit will stop and bring in the end of cycle signal after finishing 
the non-coin senders. 

Besides its use in making routine tests this circuit is used in making adjustment tests on a particular 
circuit which has been under repair. This is accomplished by setting the master and sender-selectors, 
using the associated stepping keys, so as to connect directly to the particular sender. By operating the 
particular circuit (PC) key and start (ST) key the test will be made, and by operating the repeat (REP) 
key the test will be repeated as long as the key is operated. It is then possible to observe the operation 
of the sender and make necessary adjustments to put it in working condition. 

In a similar manner it is possible to reach any sender that has been reported out of order to make 
necessary tests to determine what adjustment is necessary. 

3. Automatic Testing of “A” Operators’ Senders and Local Senders. 

This testing equipment is for use in making automatic routine tests on machine switching “A” 
operators’ senders and associated local senders. (See Paragraphs No. 9 and No. 10 of Section VI). 
Since these two types of senders function along essentially the same lines as the regular subscriber senders 
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the testing circuit and equipment used to test them varies but slightly from that used to test subscribers’ 
senders. A frame and equipment arrangement like that shown in Figure No. 2, with certain minor 
variations which will be brought out in the following, is also used for this type of testing equipment. 

The selection of the senders is accomplished in the same manner as described in connection with 
Figure No. 1, i. e., by means of master-selector and sender-selector switches. Only a small number 
of sender-selector switches are required however, since only a relatively small number of “A” position 
and local senders are needed in an office. The two classes of senders are connected to different sender- 
selector switches, in order to permit running separate routine tests on them as groups. Two keys are 
provided in the key and lamp cabinet designated S.S. (suburban sender) and L.S. (local sender) for con¬ 
trolling the group tests. With the S.S. key operated, tests are made on the “A” position senders only. 
In the same manner the local senders only are tested if the L.S. key is operated. With both keys normal 
tests can be made on both classes of senders. 

Equipment for testing “A” operators senders and local senders is required only in offices where there 
are machine switching “A” operators’ positions arranged for semi-mechanical operation. In offices 
where the “A” positions are provided with dials, regular subscribers’ senders are used by the “A” operators 
in completing calls. In such cases no “A” operators or local senders are required, hence there is no re¬ 
quirement for a testing circuit to test such senders. 

In offices having semi-mechanical “A” positions, only one “A” position and local sender test circuit 
is furnished since as previously stated, there are relatively few of such senders to be tested, compared 
with the number of subscribers’ senders. 

Both “A” operators and local senders are arranged six per frame, this differing from the arrange¬ 
ment of the subscribers senders, which are mounted five per frame. Six circuit cables are used between 
these sender frames and the “A” operators and local sender test frame, and only 18 (multiple of 6) senders 
are assigned to each sender-selector switch on the test frame. 

The same requirement for constant speed exists in connection with this frame as in the case of the 
subscribers’ sender test frame. The frame is driven by the same type of 48-volt battery driven motor 
with a speed regulator. The same type of drive also is used. 

The equipment of the “A” position and local sender test frame differs from that of the subscribers’ 
sender test frame in the following: 

Minor changes in the number and designation of the sequence switch register and con¬ 
trol equipment. 

The omission of the high and low speed interrupters, since dial operation does not 
have to be duplicated in the test of these senders. 

The addition of the I.S. and S.S. keys and the omission of the MAX. L., MIN. L., 

L.S., and H.S. keys in the cabinet. 

A much smaller number of sender-selector switches and associated terminal strips. 

4. Equipment for Automatic Testing of Selector Mechanisms and “B” Senders. 

4.1. This equipment provides means for making automatic routine tests on district, office, incoming, 
except cordless incoming selectors, (see Paragraph 6.5), and final selectors, and “B” senders. A separate 
testing circuit is required to make each of these tests and the equipment for these five testing circuits 
is mounted on a common frame called a “selector test” frame. On this frame also is mounted the equip¬ 
ment of the final multiple test lines which are used in connection with tests on the incoming selectors. 

One test circuit of each type is furnished in each full-mechanical office, except that in offices where 
no office frames are furnished, the office selector testing circuit is omitted. Also, in cases where all in¬ 
trunking from toll and manual offices is on a key-indicator basis, no “B” sender test circuit is furnished, 
since there will be no machine switching “B” positions and hence no “B” senders. In cases where 
office frames are not furnished initially but will be required ultimately, wiring is provided only for the 
office selector test circuit. 
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Present practice is to group all these testing circuits on one frame as mentioned above, this frame 
being located near the exchange testing center together with the various other testing frames, this arrange¬ 
ment permitting of centralized supervision. It is, however, quite probable that future development 
will be along the lines of providing separate frames for each test circuit. These frames will be located 
in various locations in the exchange in close proximity to the equipment to be tested, separate testmen 
being held responsible for each individual test. 

4.2 Selector Test Frames. 

The selector test frame is of relay rack type, of four bays, as shown in Figure No. 3, Sketch No. 1. 
It has a length of approximately 7 feet 6 inches on the floor line. The bays are arranged, from right to 
left, to mount apparatus as follows: 

Bay No. 1—Message registers used for recording the number of times certain conditions 
have been met in making the tests; master selecting switches used in the district 
test circuit; a key and lamp panel equipped as shown in Figure No. 3, Sketch 
No. 2; miscellaneous step-by-step switches associated with the different circuits; 
and terminal strips. 

Bay No. 2—This bay is entirely given up to relays, resistances, condensers and such 
apparatus as is located on mounting plates. It will be noted that the apparatus 
for each test circuit is grouped together with the test circuits arranged in the lower 
part of the bay and the final multiple test line relay equipment located at the top. 

Bays No. 3 and No. 4—Both of these bays are used for the sequence switches and inter¬ 
rupters of the test circuits and final multiple test lines. As in the relay bay, the 
final multiple line apparatus is located at the top and test circuit apparatus in 
groups below. 

The sequence switches and interrupters are driven by means of the drive mechanism shown in 
Figure No. 3, Sketch No. 1, a 48-volt battery-driven constant speed motor of the type described in Para¬ 
graph 2.2 being used. The drive located in Bay No. 4 is equipped with the commutator arrangement 
described in connection with the sender test frame, for use w T ith the “B” sender test equipment. A 
fuse panel having both 24 and 48-volt bus-bars, together with the associated ground bar, is provided at 
the bottom of Bay No. 1. A jack box with a multiple of the jack-ended talking and miscellaneous 
circuits located in the jack box in the subscribers' sender test frame is also shown at the bottom of one of 
the bays. 

The following additional points relating to the equipment design of the selector test frame should be 
noted, referring to Figure No. 3, Sketch No. 1. 

Location of equipment on the frame. 

The key and lamp panel is located at a height above the floor which will permit of 
convenient observation of lamp signals and operation of keys by the testman. 

The master stepper switches of the district test circuit are located below the key 
and lamp panel, so as to permit the reading of brush positions in case the testing 
circuit stops on a selector in trouble. The other stepper switches which do not 
have to be read during test are located above the key and lamp panel. 

The sequence switches which are used to connect the test circuits to office, incoming 
and final selectors have to be read by the testman in order to locate any selector 
circuit on which trouble is found, consequently the sequence switches for the 
various selector test circuits are placed at the bottom of Bays No. 3 and No. 4. 

Design of local cable. 

A frame of this size will require a local cable which at best will be large and hard to 
make and handle. Every effort has been made to keep down the size of this 
cable by so arranging the equipment that the lengths of leads will be made as short 
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as possible. The use of a vertical row of terminal strips at each end of the 
frame, permits of terminating leads from the various stepper and sequence 
switches, with a minimum length of wire run in the local form. Keeping the 
apparatus of the individual test circuits together as far as possible also reduces 
the lengths of leads in the local form. 

Method of terminating switchboard cable. 

Since this test frame mounts testing equipment which must be afforded facilities 
for reaching and testing every selector on all the major selector frames of the 
office, it is apparent that it is the radiation point for a large number of cables to 
all parts of the office. The provision of a double row of terminal strips on this 
frame to terminate these cables, permits dividing the cables so that they enter 
the frame from the top at each end, thus relieving very materially the cabling 
congestion which would occur were all the cables to enter the frame at one end. 

4.3 General Principles of Selector Testing. 

The district selector test circuit is designed to select automatically the first district selector, and, 
after making the necessary tests, to release it and automatically select the next, and so on through all 
the district selectors. In case no trouble is encountered it is possible to test all the districts in the office 
without manual attention except to start the circuit by operating a key. The same is true of the office, 
mechanical incoming, and final selector test circuits. The incoming selector test circuit, in addition to 
testing the local incoming selectors, is arranged to test distant office incoming selectors which are termi¬ 
nations of outgoing trunks from the office in which the testing equipment is located, as will be explained 
later. 

When it is considered that the purpose of the test is to reach the selectors and exercise them by 
causing them to act as they must act in taking part in a regular call, it will be apparent that these selectors 
must be reached through the proceeding frame or step in the regular method of selection. For this 
reason we reach the district selectors through the line switch or the line-finder link, the office selectors 
through the district selectors and multiple; the incoming selectors through the district or office selectors 
and multiple, or both; and the final selectors through the incoming selectors and multiple. (See Figures 
No. 1 and No. 3 of Section II.) As the test circuit takes control of a circuit it makes it busy to regular 
service. For this reason, and also due to the fact that incoming selectors can not be picked up properly 
at the incoming end, all inter-office incomings are tested at the outgoing end. 

The selectors which are wired on the district, office and incoming frames for use in connection with 
the above mentioned tests are known as test selectors. When not in use for testing they are available 
for regular service. The first circuit, that is Circuit No. 1, on each frame in these groups of frames is 
wired as a test selector, with the necessary additional test leads brought out at the power terminal strip 
for connection to the test circuit. The line switches used for testing cannot be used for regular service. 

The equipment problem in engineering the selector test frame for a particular office involves a de¬ 
tailed study of the trunk multiple and associated selector arrangement for that office in order that test 
selectors may be chosen on each type of frames so that access may be had to each and every multiple 
division and split. This affords a means for the testing circuits to reach all selectors in which that multiple 
terminates. It is also necessary to provide routing facilities in each test circuit to direct the test selectors 
to pick only such multiple groups as are required. 

Consideration will be given to each of the test circuits in turn with reference to the method of selec¬ 
tion used, and the control which must be had over the test selector. An outline of the actual tests made 
will be given later. 

4.4 Method of Selecting Various Types of Selectors for Routine Testing. 

4.41 Selection of District Selectors for Test. 

Access to district selectors is obtained through the medium of the line switch frame or line-finder 
frame equipment, depending upon whether the office is of the line switch or the line-finder type. 
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4.411 Selection of District Selectors Line Switch Offices. 

In line switch offices, as discussed in Paragraph 1.86 of Section I, each subscriber’s line has associated 
with it a line switch and groups of line switches in multiples of 20. These are afforded access to groups 
of 20 trunks terminating as district selectors on district frames. If one line switch in each group of line 
switches having access to 20 trunks to district were assigned for testing purposes, it is evident that 
means would be had for reaching each and every district selector for testing purposes, and that there 
would be as many such testing line switches required as there were line switch groups in the office. This 
is the procedure followed in the finding of district selectors in line switch offices. 

Figure No. 4 is a schematic showing that by the use of master stepper and line switch group testing 
stepper switches, the district testing apparatus may be connected successively to each of the district 
selectors in a line switch office. Each master stepper switch affords access to 20 testing line switches, each 
of which in turn has access to 20 district selectors. Hence, each master switch can attach the selector 
test equipment to any one of 400 district selectors. As many master switches will be required in an 
office as there are groups of line switches divided by 20. Three master switches hence will provide 
access to 60-line switch groups, 1,200 district selectors and 20 district frames, providing each frame 
is fully equipped. 

The testing circuit requires that six leads be run from each testing line switch in a group to the 
master switch on the test frame. Since the number of such groups is usually quite large, and since 
the groups are spread in a more or less uneven fashion over the various line switch frames, cabling 
economy is effected by running a six-lead cable from each group switch to the I.D.F. and doubling-up 
with larger cables running between the I.D.F. and the testing frame. In the case of an office having 
2,000 districts, 100 group switches would be required, and hence 100, six-lead cables. This number 
of small cables is run only a comparatively short distance to the I.D.F. from whence five 120-lead cables 
can be furnished for the longer run to the test frame. See Paragraph 4.51 for details of the operation 
of this test circuit. 

4.412 Selection of District Selectors in Line-Finder Offices. 

A somewhat different method of selecting district selectors must be employed in line-finder offices, 
due to the different equipment arrangement of such offices. As outlined in Paragraph No. 3 of Sec¬ 
tion IV, the district selectors are linked with line-finders in groups of 60, 40, or 28, the line-finders 
of each group having access to a group of 300 subscribers’ lines. District selectors are found for 
test by assigning a line in each group of 300 as a test line. The test circuit originates a call on this 
line and a line-finder “finds” that line, time connecting its associated district selector to the testing 
circuit. By causing all the links having access to each group of 300 lines to attach themselves in turn 
to the test line of that group, the test circuit reaches all the district selectors of the office. 

Figure No. 5 shows schematically the arrangement employed for connecting the test circuit to the 
district selectors of a line-finder office. The testing circuit is wired to the brushes of two master stepper 
switches which function in parallel to connect the test circuit to group switches A and B. Group switch 
A is used to connect a set of test leads through to the test line in the line-finder frame multiple, and 
group switch B is used to connect another set of test leads through to each line-finder circuit. The 
test leads from the bank terminals of group switch A are cabled to the I.D.F. where they are cross- 
connected to the various line-finder multiple test lines as required. The test leads to the line-finders 
are distributed from the banks of group switch B through sets of line-finder selecting switches. Figure 
No. 5 shows the line-finder selecting switch arrangement required for obtaining access to groups of 
60 finders. It will be noted that three switches per group are required on a basis of 20 line-finders per 
switch, and that three terminal rows on the bank of group switch B are required for each 60-finder 
group. Using 21 terminal rows on the bank of group switch B, seven line-finder groups of 60 selectors 
each can be reached from one group switch B. The corresponding terminals of group switch A are 
strapped together as shown in Figure No. 5. Group switches A and B are operated in parallel by their 
master switch pair. This arrangement, it will be noted, connects the test circuit simultaneously to 
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any one of the line-finder groups and to the particular line-finder multiple test line to which the finders 
of that group have access. In testing line-finder groups of 28 or 40-finder capacity each, only two 
line-finder selecting switches per group are required, and hence only two terminal rows per group on 
each of group switches A and B are needed. A pair of group switches can thus take care of 10 groups 
of 28 or 40-line finders. 

The leads to the line-finders are required in order to delegate to the test circuit start control over 
the line-finders. If such provision were not made and dependence were placed on the regular start 
circuits, there would be no positive assurance that all the line-finders of a group would be tested, since 
there would be no w*ay to determine which line-finders were passed up due to their having been busy, 
and no way to pick out and test such circuits. By using the arrangement shown in Figure No. 5, all 
the line-finders are routined in definite rotation and a definite check can be kept of the circuits that 
have been tested. 

The selector test frame equipment shown in Figure No. 3 is arranged for use in a line switch office, 
the master switches for selecting line switch district selectors being located under the key and lamp 
cabinet in the right hand bay. In the case of line-finder offices, the master switches of Figure No. 5 
are similarly located on the selector test frame, but the group and line-finder selector switches are 
mounted on a frame of the district sender-selector type (see Figure No. 10 of Section IV) and this frame 
is located near the line-finder frames for cabling economy reasons. 

After the selection of a line-finder district has been made, the method of actually making the test 
is the same as that used in testing line switch districts. See Paragraph 4.51 for details of the opera¬ 
tion of this circuit. 

4.42 Selection of Office Selectors for Test. 

Access to office selectors is obtained through the medium of test selectors on the district frames. 
In order to reach all the office selectors for test, the test circuit must, have access to all the multiple 
groups on the district frame which terminate as office selectors. This is accomplished by assigning 
as test selectors one district selector having access to each of these sub-groups of the district multiple. 
Selector No. 1 on all district frames is wired as a testing selector, provision being made for using these 
selectors in regular service when they are not used by selector test circuits in making routine test. Since 
the groups and sub-groups of the district multiple extend in practically all cases through a number of 
district frames, it is evident that in any particular office only a few of the district test selectors will be 
required for use by the office test circuit in reaching the office selectors. The multiple divisions vary 
in different offices, however, consequently providing one district test selector on each frame affords 
a flexibility which permits the use of the office test circuit with any arrangement of district multiple 
without wiring district selectors specially for any particular office. 

A study of the district multiple layout of each office is made. From this the district test selectors 
to be used are determined and also the brush and group selections which each particular selector must 
make to reach the multiple groups and sub-groups which terminate as office selectors. Figure No. 6 
is a schematic layout of a theoretical office and illustrates typical conditions encountered in actual 
office layouts in making provision for a routine test of office selectors. Two zones of office frames are 
shown, Zone No. 1 being reached by trunks from district bank No. 1 arranged in three sub-groups 
extending through district frames No. 1 to No. 3, No. 4 to No. 6, No. 7 and No. 8 respectively. District 
selectors No. 1 on district frames No. 1, No. 4, and No. 7 are assigned for use in reaching the office 
selectors of office zone No. 1 through these three district sub-groups. Office zone No. 2 is reached by 
trunks from district bank No. 2, arranged in four sub-groups extending through district frames No. 1 
and No. 2, No. 3 and No. 4, No. 5 and No. 6, and No. 7 and No. 8 respectively. District selectors 
No. 1 on district frames No. 1, No. 4, No. 5, and No. 7 are assigned for use in reaching the office 
selectors of office zone No. 2 through these four district sub-groups. With this arrangement the test 
selectors on district frames No. 1, No. 4 and No. 7 are used to reach more than one group of multiple. 
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The office selector test circuit is arranged to direct the various test selectors in their brush and 
group selections. The test circuit is connected to each test selector as required through the medium 
of sequence switches called “connector” switches. Referring to Figure No. 3, it will be noted that these 
switches are shown in the left hand sequence switch bay. Each of these switches is used to connect 
three of the test selectors in turn to the test circuit. There will accordingly be required as many con¬ 
nector switches as there are test selectors, divided by three. Provision is made on the test frame for 
as many connector switches as may be required to take care of the ultimate district multiple arrangement, 
if this arrangement can be determined initially. The test selectors are cabled from each district frame 
where they occur to the terminal strips on the selector test frame adjacent to the office connector switches. 

The district brush and group selections which the various test selectors are required to make, vary 
with each mechanical office. Therefore it is necessary to provide some flexible means of arranging 
for these different routings in the office test circuit. The “connector control” stepper switches shown 
in the right hand bay of the selector test frame (see Figure No. 3) are used for this purpose, each switch 
having a capacity for directing 20 such test routings. A test routing consists of causing one test selector 
to make a brush selection, a group selection and consecutive terminal selection extending over as many 
multiple layers as constitute the group being tested. The layout shown in Figure No. 6 would require 
the use of only one connector control switch, since only seven test routings are required to reach all 
the office selectors to be tested. 

In the layout of Figure No. 6, test selector No. 1 will test Zone No. 1 trunks terminating on dis¬ 
trict frames No. 1 to No. 3 and Zone No. 2 trunks terminating on district frames No. 1 and No. 2. Test 
selector No. 2 will test Zone No. 1 trunks terminating on district frames No. 4 to No. 6 and Zone No. 2 
trunks terminating on district frames No. 3 and No. 4. See Paragraph 4.52 for details of the operation 
of this test circuit. 

4.43 Selection of Incoming Selectors for Test. 

The selection of incoming selectors for test is accomplished by the same method as that used in 
connection with the selection of office selectors for test as described in the preceding paragraph. Con¬ 
nector sequence switches and connector control stepper switches, as shown in Figure No. 3, are used 
in the same manner, each connector switch connecting to three test selectors and each connector control 
switch having control over 20 test routings. 

In any exchange area having more than one full-mechanical office, provision must be made in each 
of these offices to test not only the local incoming selectors, but also the inter-office incoming selectors 
in the distant mechanical office or offices which are the terminations of district or office multiple in the 
office under consideration. Test of the inter-office incoming selectors at the outgoing end is desirable 
since relatively simple equipment can be used in connection with test selections made in this manner, 
the operations of selecting and making busy idle trunks being performed by district or office selectors 
as in the case of a regular inter-office call originated by a subscriber. Selection of inter-office incoming 
selectors for test at the outgoing end is, however, open to the objection that the test of the selectors 
must be made in one office by one set of testmen, while the clearing of trouble must be done in another 
office by another set of testmen. For maintenance purposes it is preferable to have the routining and 
clearing of trouble performed by the same set of testmen. This method of procedure, however, requires 
elaborate equipment arrangements at the outgoing office end of the trunks, as well as the incoming end 
under the control of the testmen at the incoming end, for selecting and making busy trunks for test. 
It has not been considered feasible to make trunk selections in this manner merely to effect somewhat 
better maintenance conditions. 

Figure No. 7 shows a schematic layout which will serve to illustrate the various conditions encoun¬ 
tered in the average mechanical office in making routine tests of incoming selectors. Use is made of 
the same district and office frame equipment as is shown in Figure No. 6. The units of the sub-group 
division of the district multiple are terminated as local incoming selectors in the local office and as inter¬ 
office incoming selectors in a distant mechanical office, the connections to the latter being cabled through 






ROUTINE TESTING EQUIPMENT 


165 


the main distributing frame. The inter-office incoming selectors originating in the office multiple are 
selected for test through the medium of office test selectors. In the layout of Figure No. 7, three district 
test selectors are required for the selecting of the local and inter-office incoming selectors for test. It 
should be noted that different district test selectors are assigned for use in connection with the incoming 
and office selector test circuits. This procedure is necessary since only one test selector is provided 
on each district frame. A selector cannot be used in a double test of both office and incoming selectois. 

In the test of groups of inter-office incoming selectors over various trunk lengths, allowance must 
be made for the varying line resistances. This is done by cutting in compensating resistances as re¬ 
quired, this being a function of the connector control switch. Sketches No. 2 and No. 3 in Figure No. 7 
show typical multiple divisions which may occur on either the district or office frames. The connectoi 
control switch or switches must be arranged to direct the proper brush, group and compensating resist¬ 
ance selections, if required, in each case, and must also direct the test circuit to perform as many con¬ 
secutive terminal selections as there are terminals in the multiple layers constituting the group under 
test. See Paragraph 4.53 for details of the operation of this test circuit. 

4.44 Selection of Final Selectors for Test. 

The selection of final selectors for test is accomplished by using incoming test selectors which have 
access to the incoming multiple and multiple sub-groups. These test selectors must reach all multiple 
bank levels in order to connect all final selectors consecutively to the final testing circuit. Figure No. 8 
shows a schematic layout of typical conditions encountered in full-mechanical offices and is self-explana¬ 
tory. See Paragraph 4.54 for details of the operation of this test circuit. 

4.5 Operation of Various Selector Test Circuits. 

4.51 District Selector Automatic Test Circuit for Both Line Switch and Line-Finder Offices. 

The district selector test circuit is designed to take control of all of the district selectors, one at a 
time, and to cause them to go through the various steps necessary to make brush and group selections. 
By originating two classes of calls, one to an exchange operator, as, for example, the zero operator, in 
which case the district repeating coil is out, and the other to a subscriber’s station, with the repeating 
coil in, it is possible to bring into play all of the functions of the district selector circuit. In making 
these tests the district selectors pick a pre-determined trunk which is multipled through all the frames, 
and wired back into the test circuit as shown in Figures No. 4 and No. 5. 

The first operation of the test circuit, after the master and selecting switches have functioned and 
reached the first district trunk, is to test the condition of that trunk to determine whether it is idle, 
spare, made busy by a regular talking connection or made busy by a “make-busy” plug. If the district 
is spare, the selecting switch will step past it to the next one. If it is busy from either of the causes 
mentioned, the test circuit will give an alarm after a pre-determined time has elapsed, unless set by 
means of keys to pass busy circuits. In case the district trunk is idle, the test circuit seizes it and imme¬ 
diately makes it busy to regular service. A test is then made to determine the kind of service for which 
the trunk is used, that is, whether used in connection with flat rate, message rate or com collect lines. 
T his test sets the “class” switch of the test circuit, which in turn controls the kind of tests that will 
be made on the selector. 

Having found an idle district trunk and having determined its class, a regular sender is automatically 
attached to the trunk as in regular service. The district is then required to make two series of brush 
and group selections under the two conditions of repeating coil in and repeating coil out, as previously 
mentioned. The supervisory relay is tested by applying a “soak” current, after which the releasing 
current and the minimum operating current is applied. The dial tone path is also tested as are the 
coin collect and message register features, if used. The district is then returned to normal and the test 
selector moves to the next district trunk. 

Certain keys and lamps shown in Sketch No. 2 of Figure No. 3 are used to control special features 
of the test. The keys are operated as required to perform the following functions: 

ST Key—(Start) starts the test circuit. 
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RN Key—(Return to Normal) returns the entire test circuit to normal. This key 
is generally used in connection with tests on particular trunks. 

CA Key—(Control Advance) is used to return the test circuit to normal after it has 
failed to complete a testing cycle, this being necessary in order to cause the test 
circuit to stall a new testing cycle on the next trunk. 

Rep Key—(Repeat) causes the test circuit to remain on any one particular district and 
repeat the test until the key is thrown to its normal position again. This key 
will be used in connection with adjustment tests or to locate trouble on a circuit 
reported out of order. 

PC Key—(Particular Circuit) operated when it is desired to reach a particular district 
trunk. This key holds the test circuit in proper condition while the numerical 
keys are operated to step the master stepper and selector switches around to the 
proper district trunk. Four numerical keys are used, one each for thousands, 
hundreds, tens and units. A translation chart is furnished to express the district 
selector frame and circuit numbers in terms of consecutive numbers beginning 
at 0. 

The lamps when lighted indicate various test conditions as follows: 

TA Lamp—(Time Alarm) shows that the test circuit has encountered some trouble 
and has given the alarm. 

EC Lamp—(End of Cycle) indicates that the test circuit has completed the entire 
cycle of tests. 

PBT Lamp (Pass Busy Talking) shows that the test circuit has tested a district and 
found it busy on a regular talking connection. 

PBP Lamp—(Pass Busy Plug) serves the same purpose as the PBT lamp except that 
it indicates that a district made busy by a plug has been encountered in the 
course of the test. 

A group of off-normal lamps, one for each master switch and numbered to agree with them, is 
furnished to show when a master switch is off-normal. 

4.52 Office Selector Automatic Test Circuit. 

The office selector test circuit is designed to make only one test on the office trunks. After selecting 
the multiple terminals on the district frames as described in Paragraph 4.42 and testing to determine 
whether or not they are busy, the office selectors are required to make one brush and group selection. A 
test line is provided and multipled throughout the office frames and the test circuit functions to send 
each office selector to that line. By means of an interrupter in the test line, interruptions are received 
by the test circuit as soon as the office selector has stopped on the terminals of the test line. This indi¬ 
cates that the proper selections have been made. This condition satisfies the test circuit and it returns 
to normal, releases the office selector and advances the district test selector to the next office trunk. 

The control panel associated with this circuit is shown in Figure No. 3, Sketch No. 2. Several of 
the keys and lamps used in connection with the office tests, serve the same purpose as when used in con¬ 
nection with district tests, these being the following: start (ST), return to normal (RN), control advance 
(CA), repeat (REP), particular circuit (PC), end of cycle (EC) key and lamp, and time alarm (TA) 
key and lamp. In addition to these there is an automatic pass busy (APB) key, which is operated 
when it is desired to pass the busy terminals of an office trunk group. A manual pass busy (MPB) key 
and lamp are provided for use when it is planned to have the attendant step the test circuit past a busy 
office selector. Certain numerical keys are also used in connection with the DC key in selecting a par¬ 
ticular group of multiple on the district frames. 

4.63 Incoming Selector Automatic Test Circuit. 

As described in Paragraph 4.43, the test of incoming selectors is made by means of test selectors 
located on the district or office frames, or both if necessary, it being possible by their use to reach for test 
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all local incoming and all inter-office incoming trunk selectors. The test circuit picks up the test selectors 
bv means of sequence switches used as connector switches, each of which give access to three test selectors. 
The test selectors are controlled with respect to brush and group selections, the number of consecutive- 
multiple layers to be tested without returning the selector to normal, and the proper compensating resis¬ 
tance to be used by connector control stepper switches. 

In each office certain circuits known as final multiple test lines are provided on the selector test frame 
and are used in connection with the test of the incoming selectors. These test lines are arranged to re¬ 
ceive the tests made on the incoming selectors and to assist the test circuit in checking the operation 
of the incoming selector under test. These lines are wired to a group of terminals m 
or rather to certain lines in the final multiple. These lines are usually located in the 9,900 bank if all 
frames are equipped, or in the bank reserved for official numbers. The test circuit must be arrange 
to cause the final selector to make the proper final brush and group and tens and units selections to reach 
these final multiple test lines. 

When an incoming selector has picked a final trunk, and through this trunk which terminates as a 
final selector has reached a multiple test line, it has been partially tested, inasmuch as it has properly 
made a brush and group selection. The final multiple test line will then make the required tests on the 
incoming trunk, which are as follows: a test of the ringing and tripping features, and a test of the functions 

of the supervisory relay. 

If these tests are completed satisfactorily the incoming is released and the test circuit proceeds with 
the test of the next incoming selector. 

Several keys and lamps as shown in Figure No. 3, Sketch No. 2, are furnished for controlling certain 
special tests. The functions of these keys as will be seen from the designations are the same as for other 
selector test circuits previously described. 

4.64 Final Selector Automatic Test Circuit. 

As described in Paragraph 4.44, the test of the final selectors is made by means of properly located 
incoming test selectors which reach the final selectors through the medium of the incoming trunk multiple. 
This circuit sends the test selector to the first line in the first group, tests it for the busy condition makes 
the test, and then advances to the next line. Adjacent groups in a bank will be tested without returning 
the selector to normal. This feature is under control of a connector control stepper switch or switches, 
eachterminal row of which is used for a group test routing. The function of the connector control 
switch is the same as that described in connection with the office and incoming tests. Three lines. 
No 97 No. 98 and No. 99 in one of the banks on all the final frames are multipled together and used 
in connection with the test of final selectors. The sleeve of line No. 99 is controlled by the test circuit 
in order that this line can be made to test as idle or busy. This line when not in use for testing is can led 
to the intercepting operator, so that in case any one of lines No. 97, No. 98 or No. 99 is dialed in moi 
by a subscriber, the call will be routed to an operator. Lines No. 97 and No. 98 are wired as busy P.B.X. 
lines By using these lines it is possible to cause each final selector to make various tests as follovvs. 
regular line idle regular line busy, first P. B. X. line idle, first P.B.X. line busy, last P.B X. line idle 
and last P.B.X. line busy. By making these tests, together with the brush, tens and units selections 
necessary to reach these lines, all the functions of the finals are tested. 

Certain keys and lamps, located in the key panel shown in Sketch No. 2 of Figure No.3, are used 
for making particular tests, or for controlling certain functions of the regular test. From the designations 
of these keys and lamps, it will be noted that they serve the same purpose as the corresponding keys an 
lamps used in the office and incoming tests. The numerical keys are used to direct test selectois to any 
particular group of final trunks and accomplish this by stepping the proper connector control switch 
around to reach the proper connector switch and test selector, after which the cross-connections of tha 
bank terminal row of the connector control switch direct the required brush and group selections. 

4.6 Automatic Test of “B” Senders. , , , u , , .. 

The functions of a “B” sender are similar to those of the regular subscriber s sender, although the 

duties it performs are much simpler. It receives its register settings from the cordless position key sets 
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and then directs the incoming and final frame selections required in the finding of any one of 10,000 
subscribers 7 stations. The subscriber's sender, on the other hand, is required to control and direct 
selections on district , office, incoming and final frames in accordance with dialed letter and numeral codes. 
(See Paragraph No. 7 of Section IV.) It is therefore apparent that the “B” sender test circuit will be 
much simpler than the subscribers 7 sender test described in Paragraph No. 2 of this Section. 

Referring to Paragraph 4 of Section V, it will be noted that all the “B” senders of an office are placed 
in a common group before the various “B 77 position sender-selectors. In order to reach the “B” senders 
for test, one of the sender-selectors is wired for use as a test selector and is placed under the control of 
the test circuit. 

The test circuit is arranged to set up in rotation six different numbers, these being passed on one at a 
time to the sender under test. The sender records the numerical settings, and then goes through the various 
steps required to set up the incoming and final frame selections. Incoming and final selectors are not 
actually operated however, the sender being “run down 77 by means of a commutator-interrupter as in the 
case of the subscribers 7 sender test. A set of counting relays is provided in the test circuit to check 
the corresponding relays of the “B 77 sender under test, troubles and their locations being determined 
by the use of progress, pulse and match lamp equipment as in the case of the subscribers 7 sender test. 
The lamp and key equipment of the “B 77 sender test circuit is shown in Sketch No. 2, of Figure No. 3. 

5. Stuck Sender Test Equipment. 

The stuck sender-selector equipment is used for the purpose of selecting a sender that has ceased to 
function and to find the district selector circuit to which the sender is connected. The purpose of this is to 
release a very expensive part of the plant as soon as possible, that is, if a sender is connected to a defective 
trunk through a district selector, the trunk can be made busy at the trouble desk and the sender re¬ 
stored to service. If on the other hand the sender itself is defective, the sender can be made busy and the 
district selector and trunk can be restored to service. 

One stuck sender-selector circuit is furnished for each group of senders and associated sender-selectors. 
As described in Paragraph No. 6 of Section IV, each group of 22 senders serves a certain number of sender- 
selectors, and hence line-finder and district links in line-finder offices or district trunks in line switch offices, 
as indicated by traffic requirements. As many such groups of senders and associated sender-selectors 
and districts are furnished in an office as are required by the traffic originated in that office. There will 
accordingly be as many stuck sender-selector circuits furnished in an office as there are sender groups. 

Each stuck sender-selector circuit consists essentially of from one to three rotary stepper switches, 
each arranged for a capacity of 100 single-lead test connections to 100 district selector circuits, one, 
two, or three switches being provided per circuit, depending upon whether there are a maximum of 
100, 200 or 300 district selectors in a sender group. Associated with each stuck sender-selector circuit 
are a number of lamps and a key whose functions will be described later, and certain relay equipment. 

5.1 Framework and Equipment of Stuck Sender-Selector Frame. 

Figure No. 9, Sketch No. 1 shows the framework and equipment arrangement of a stuck sender 
frame. The frame is of relay rack type, of the same height as a regular selector frame. The miscel¬ 
laneous relay equipment is placed at the bottom of the frame. Above this, at a height permitting of 
easy access and observation by the testmen, is located the key and lamp panel whose detailed equip¬ 
ment is shown in Sketch No. 2. Above the key and lamp panel are located the stepper switches, eight 
shelves high and eight switches per shelf, this being ample capacity for even the largest full-mechanical 
office. 

These switches are equipped with banks composed of six rows of terminals, 22 to the row. The 
first cross row of six terminals on each switch is left spare, and the second cross row is used as the normal 
or resting position of the switch selecting brushes. The remaining 20 cross rows of six terminals each 
provide a total of 20X6 or 120 terminals, 100 of which are used for single-wire connections to district 
selectors, and the remaining 20, in an end vertical row, are used in connection with a lamp scheme for 
locating any one of the 100 terminals, and hence any one of 100 district selectors, as will be explained 
later. 
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One lead is run in cable for each district selector circuit from the various district frame terminal 
strips to the double rows of terminal strips shown on each side of the frame. These leads are then wired 
in local forms to the switch banks, 100 leads to each bank, four banks being wired to the right and four 
to the left in each row. It will be noted that the terminal strips are placed adjacent to and on both 
sides of the switches they serve. This is done to make the most efficient cabling since with 800 leads 
running to each shelf of eight switches, it is impracticable to run a local cable ot this size out to one 
side of the frame and corresponding switchboard cabling up that side of the frame. It is obvious that 
such an arrangement, as shown, splits the cabling into two smaller groups and hence relieves congestion. 

The shelf shown at the right side of the frame under the terminal strips is provided for the use of 
the testman in filling out trouble reports and also provides a convenient resting place for the so-called 
“locating charts,” whose purpose will be referred to in the following: 

The jack box contains miscellaneous testing jacks, battery supply jacks for relay adjusting and 
talking lines to the trouble desk. 

5.2 Finding of a Stuck Sender and the Associated District Selector. 

Figure No. 10 shows the schematic arrangement of a stuck sender selector circuit, the lamp, key 
and stepper switch equipment of which can be readily identified in Sketches No. 1 and No. 2 of Figure 
No 9 When a stuck sender in a certain group of senders is reported, a start key associated with that 
stuck'sender-selector circuit is depressed. This starts the stuck sender-selector switch Wonting or 
the terminal which is wired to the district selector to which the stuck sender is connected. \\ hen this 
is found three signal lamps, one in each of the following groups, is lighted. 

Switch lamps. 

Row lamps. 

Terminal lamps. 

There is one switch lamp associated with each stuck sender-selector stepper switch, the function 
of which is to indicate on which switch bank of the set of one, two or three banks the district selector 
being sought is located. 

There is a common group of row lamps furnished which indicate in which vertical row of terminals 
the district selector being sought is connected. 

The common terminal lamps indicate the particular terminal to which the district selector being 
sought is connected. 

6.3 Method of Operation. 

When the sender-monitor operator at the trouble desk observes a stuck sender a trouble ticket is 
made out that gives the sender and sender group numbers of that particular sender This ticket is 
passed to a trouble man who depresses the proper start key on the stuck sender-selector frame. e 
depression of the key starts the first selector of that group. If this selector does not encounter a trou e 
condition on any of its 100 terminals, the second selector starts to hunt. Should the distnct 
attached to the stuck sender be found by this selector, the switch is stepped and switch, row and ter¬ 
minal lamps are lighted on the lamp panel. The trouble man then refers to the charts, previously men¬ 
tioned, which translate the switch, row, and terminal lamp readings into district frame and selectoi 

numbers. 

6. Miscellaneous Test Sets. 

As stated in Paragraphs 1.15 and 1.3, manually operated test sets of various types will be required 
in full-mechanical offices in addition to the automatically operated routine testing equipments previ¬ 
ously described. These sets take the form of boxes, either of the portable or of the tea-wagon type. 
In case the apparatus involved in any one of these testing circuits is rather small, it is mounted in a 
box of such dimensions that it can be easily carried by a testman to the part of the exchange where t le 
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tests are to be made. Suitable portable stands are provided upon which the test box can be placed 
while the tests are being made. When the amount of apparatus involved in a manual test circuit is 
so extensive as to preclude the use of a portable box, a “tea-wagon” is used, this being merely a large 
sized test box on wheels which can be rolled to various exchange points as required by the nature of 
the test. The similarity of this form of testing set to the tea-wagon of domestic usage has brought 
this term into quite common usage. 

The manual test sets are used for making specific tests on certain classes of mechanical circuits, 
connection to any circuit being made by means of patching cords plugged into testing jacks provided 
in the circuits for that purpose. 

6.1 Subscriber’s Line Test Set. 

A subscriber’s line test circuit is furnished for making certain tests on the outside lines and on the 
central office equipment associated directly with each line. This set is made in the form of a tea-wagon 
and is used at the final frames, where access to the line equipment is obtained through the medium of 
the final multiple by means of specially wired final selectors. The lowest numbered final selector on 
each side of each frame is used for this purpose. With these facilities it is possible to test all the lines 
terminating on the frames on both sides of the aisle in which the set is located, the box being moved 
along an aisle from frame to frame. 

After plugging cords from the test set into the final frame test jacks associated with the test selector, 
it is possible by means of the lamps, keys and instruments located on the key shelf of the test set, to. 
make the following selections and tests: 

To connect with any subscriber’s line appearing on the frame. 

To direct the test selector to step up to successive lines, one by one. 

To determine whether the line under test is a direct line or a P.B.X. line. 

To test the operating and non-operating features of the line and cut-off relays. 

To test the dial tone path. 

To make a ballistic test and an insulation breakdown test of the line. 

6.2 Selector Test Set. 

The selector test set is used for making various tests of office, incoming and final selector equip¬ 
ment and is generally used in conjunction with the automatic testing of these types of selectors. The 
tests made are the same or follow very closely those made by the automatic test equipment, being gen¬ 
erally made after the trouble has been found by means of the automatic equipment. 

The set is of the tea-wagon type, connection being made to any office, incoming or final selector 
by means of a test cord which is plugged into the test jack of the selector circuit instead of through 
the multiple of the preceding frame. Battery and ground for the operation of the testing circuit is 
obtained from the miscellaneous jacks located at the bottom of each frame jack box through the medium 
of patching cords. The test circuit is attached directly to the selector at the frame on which it occurs, 
thus affording the testman an opportunity to study the operation of the equipment while using the 
testing equipment. 

After the manual test and the required adjustments have been made, the selector under test may 
be routined by the automatic equipment being turned back into service. 

The manual selector test set is of particular value when used for testing inter-office incoming selector 
circuits at the completing office, the trouble having been located at the originating office by the auto¬ 
matic test equipment at that office. 

6.3 District Selector Test Set for Offices with Automatic Selector Test Equipment. 

A district selector test set of the portable box type is furnished in offices equipped with automatic 
district test circuits. Access to any selector circuit is provided by means of a cord which is plugged 
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into the test jacks of the various district circuits at the frames. This set is equipped with keys and lamps 
and is used to make brush and group selections in any of the five banks. The circuit tests the district 
circuit for all five brush selections, whereas the automatic test circuit tests only one brush selection. 

6.4 District Selector Test Set for Offices without Automatic Selector Test Equipment. (Line-finder 
offices only.) 

In offices not equipped with automatic test circuits, a larger district selector test circuit is furnished 
mounted in a “tea-wagon.” This circuit controls the district by means of connecting cords to the test 
set, plugged into jacks in the district frame jack box. The various selector circuits are reached by 
plugging successively into the selector test jacks as required. The principal tests made by the auto¬ 
matic test circuits are made by this test set, and are controlled by keys and lamps in the set. 

6.6 Cordless Incoming Selector Test Set. 

No provision has been made for automatic routine tests of cordless incoming selector circuits as 
a part of the selector test equipment described in Paragraph No. 4, since calls are originated on these 
selectors on a key set-up rather than a dialing basis, thus requiring the use of slightly different testing 
arrangements. 

These incoming selectors will be regularly routined during the night period by a machine switch¬ 
ing “A” operator, who, through the medium of the cordless operators, will order calls set up on each 
cordless trunk to the same final test lines as are used by the incoming automatic test circuit. Those 
trunks on which trouble is encountered will be reported to the chief switchman and a check test will 
be made in the following manner on the reported trunks using the cordless selector test set: 

This set is of the portable box type equipped with keys and lamps for controlling the test, and is 
provided with plug-ended cords for use in connecting the test set with the particular circuit to be tested. 
To test a selector the test cord of the set is plugged into its associated test jack in the incoming frame 
jack box. The tester then directs the cordless “B” operator over a talking circuit to send that trunk 
by means of her numerical keys, to the final multiple test lines. Having the cordless incoming trunk 
connected to the final multiple test line, the tester can then cause the necessary tests to be made by 
means of the keys in the test set, and can observe the operation of the tests by means of the lamps, after 
which the necessary repairs can be made. 

6.6 Cord Testing Set. 

A box type set arranged to mount on the wall over the repair branch is provided for testing cords. 
This set is arranged with three sets of jacks into which may be plugged for test the following types 
of cords: 

Double-ended patching cords. 

M.D.F. service observing cords. 

Operators’ transmitter and receiver cords. 

A group of keys and associated lamps is provided for making tests for crosses and continuity on 
the various conductors of these cords. 

6.7 Relay Adjusting Set. 

The relay adjusting set is a portable box set used for making periodic tests on relays to check their 
operation. Adjustment tests are made in order to insure that the relays are functioning properly with 
the current limits for which they are designed. The test set is provided with testing battery and ground 
by means of patching cords which may be plugged into battery and ground supply jacks in the various 
frame jack boxes. Facilities are provided in the test box for varying and measuring the testing currents 
used. Clip-ended cords are used for attaching the test box to the terminals of the relay to be tested. 
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6.8 Start Circuit Test Set. 

The start circuit used in connection with the line-finders is common to 300 subscribers , lines, and 
it is therefore necessary to keep it in continuous operation. To provide against a possible breakdown 
of the start circuit, an emergency start circuit is provided. All leads from the start circuit to other 
circuits are carried through the springs of a large jack and through a plug to another jack, from which 
point the leads run to the connecting circuits. The emergency start circuit can be used to take the 
place of the regular circuit by moving the plug so that the leads to the connecting circuits will be con¬ 
nected to the jack in the emergency circuits. While the emergency circuit is in service the regular 
start circuit can be tested by using a test plug in the regular start circuit jacks. 

A cord, connected at one end to the test jack and patched at the other end to the test set, con¬ 
nects the start circuit to the testing circuit. This test set is of the tea-wagon type equipped with keys 
and lamps for controlling the test. The line-finder selecting and starting feature is tested, and, if nec¬ 
essary, the circuit is adjusted, after which the test plug is removed and the regular circuit may be put 
back into service. 










Section XIII 

Call and Key-Indicator Equipment 

1. General Considerations. 

In multi-office districts, it is necessary to provide means for completing calls between subscribers 
served by machine switching central office equipment and subscribers served by manual central office 
equipment during the period of transition from manual to machine switching equipment. Call-indi¬ 
cator equipment provides apparatus for completing calls originated in machine switching offices for sub¬ 
scribers served by manual central office equipment. Machine switching “B” boards, described in Section 
V, provide means for completing calls originated in manual offices for subscribers served by machine 
switching equipment. 

However, where a manual office is to remain in service over a period of a number of years and an 
appreciable percentage of the originating traffic at the “A” positions is trunked to mechanical offices, 
key-indicator equipment is generally used in the manual offices instead of machine switching B boards 
in the mechanical offices as a means for completing calls originated in manual offices for subscribers in 
machine switching offices. In this connection see the description in Section I of “Full-Mechanical To 
Manual” and “Manual To Full-Mechanical” operation, also Paragraphs 1.83 and 1.84 in that Section. 


2. Types of Relay Call-Indicator Equipment. 

There are two types of relay call-indicator equipment as follows: 

Direct relay call-indicator. 

Tandem relay call-indicator. 

The direct call-indicator is used for completing calls originating in machine switching offices to the 
individual offices where it is installed. The tandem call-indicator is used for completing calls from 
machine switching offices to a number of manual offices, traffic to each of which is not sufficient to justify 
the installation of direct trunks and direct call-indicator equipment. 

Direct call-indicator equipment is installed at trunk positions of the manual office it serves, a sufficient 
number of positions being equipped to handle the traffic incoming to the office from all machine switching 
offices. Tandem call-indicator equipment is installed at trunk positions of one of the manual offices 
it serves or at special tandem positions which are installed at a location centrally situated with respect 
to all the manual offices it serves. 

Sketch No. 1 of Figure No. 1 shows schematically the method of completing the connection from 
a subscriber in a machine switching office, by means of direct relay call-indicator equipment, to a sub¬ 
scriber in a manual office. Sketch No. 2 of Figure No. 1 shows schematically the method of completing 
a call from a subscriber in a machine switching office, by means of a tandem relay call-indicator, to a 
subscriber in a manual office. 

2.1 Direct Relay Call-Indicator Equipment. 

A subscriber in a machine switching office when making a call for a subscriber in a manual office 
dials the office code and the number of the line desired in the same manner as for a subscriber in a machine 
switching office. An outgoing trunk to the manual office is selected automatically by the machine 
switching equipment. The trunk terminates at the manual office in a cord and plug at the call-indicator 
position as in the case of an incoming trunk from a manual office. Associated with the plug of the trunk 
is a lamp which is lighted when the trunk is seized at the machine switching office, indicating to the 
operator that a call is waiting to be completed on that trunk. The operator depresses a display key 
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associated with the trunk, which connects the trunk to the call-indicator equipment and the number 
of the called subscriber's line is displayed on the call-indicator lamps provided in the keyshelf. The oper¬ 
ator completes the call by inserting the plug of the trunk into the multiple jack of the called line. Proper 
ringing current is supplied automatically to call the party desired. 

If the called line is busy, the operator inserts the trunk plug in the busy jack and a busy tone is 
returned to the calling subscriber. If the called line is out of order, or if service has been discontinued, 
the operator completes the call to a multiple marking operator as in manual practice. 

2.11 Tandem Relay Call-Indicator Equipment. 

All calls which are routed by the machine switching equipment to a direct relay call-indicator office 
are for subscribers in that particular office. The call-indicator is, therefore, required to display only 
the called subscriber's number. At a tandem call-indicator office, however, the call-indicator is required 
to display a numerical code for the office desire^ as well as the number of the called subscriber in that 
office, the call being completed to the various manual offices by the tandem operator on a call-circuit 
basis, via groups of manual trunks to those offices. The office code is displayed by a combination of 
three numerals, a different combination being used for each office. The tandem operator is provided 
with a chart on which the office names corresponding to the three-numeral code is listed. 

A call comes into a tandem call-indicator position in the same manner as described for the direct 
call-indicator position, except that three other lamps light on the call-indicator to indicate the office 
name of the called subscriber's telephone. The tandem operator, upon determining the office code 
and the telephone number called by means of the call-indicator, depresses a call-circuit key which is 
wired to a trunk operator's telephone set in the office called, and passes the number called to that operator. 
The operator in the manual office then assigns a trunk and the tandem operator inserts the plug of the 
tandem call-indicator trunk into that trunk jack. The call is completed by the manual trunk operator 
in the same manner as in manual practice. 

2.2 Direct Relay Call-Indicator Equipment in Manual Offices. 

Figure No. 2 is a general view of a call-indicator trunk position. The multiple jack equipment 
is the same as that at an incoming manual trunk position. The keys, lamps and plugs, etc., associated 
with the incoming trunks are located in the keyshelf as at call-circuit trunk positions. The lamps com¬ 
prising the call-indicator are also mounted in the keyshelf. 

The relays associated with the trunks are located on a relay rack in the terminal room. The relays 
associated with the call-indicator control circuit, which control the lamp signals in the call-indicator, 
are located in the rear of the position. 

2.21 Keyshelf Equipment. 

Keyshelves for the seven panel No. 92 jack trunk sections are provided with a capacity of 48 trunks 
per position mounted on nine-sixteenths inch centers in a single row, as shown in Figure No. 3. Key- 
shelves for other types of positions having shorter keyshelves are provided with a capacity of 36 or 40 
trunks per position mounted on nine-sixteenths inch centers. 

Each call-indicator trunk is represented on the keyshelf by a cord and plug, two lamps and one 
or two display keys. 

The cord and plug are used for making connections to subscribers' lines by means of the subscribers 
multiple. The cords, lamp caps of the associated lamps, and key tops are colored red, white, or green, 
as described in Notes “A" and “B" in Figure No. 3. 

The back lamp is a disconnect lamp. It lights in case the trunk is plugged into a multiple jack 
when no selector at the machine switching office has made connection to it, or if the connection has been 
completed and the selector at the machine switching office has been released by the calling subscriber 
hanging up his receiver. 
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The lamp nearest the operator is the assignment lamp. It lights and burns steadily when a selector 
at the machine switching office makes connection to the trunk. When the operator depresses the dis¬ 
play key this lamp flashes. It continues to flash until the plug is inserted into a multiple jack or until 
another display key is depressed. If the lamp lights again while the plug is in a multiple jack and the 
disconnect lamp is also lighted, it indicates that the trunk has been selected again for a new call. 

When it is desired to operate the call-indicator positions on a team work basis two display keys are 
provided as follows: 

The home display key. 

The team display key. 

The home display key connects the trunk to the call-indicator equipment associated with the posi¬ 
tion on which the trunk and key are located. The rear key is the team display key, and, when depressed, 
connects the trunk to the call-indicator equipment of an adjacent position. If the team display key is 
depressed it causes the assignment lamp to flash at a faster rate than if the home display key is depressed 
The team keys are used by an adjacent operator to help out in case of an overload. The right half ot 
these keys are arranged to connect the associated trunks to the call-indicator equipment of the adjacent 
position at the right, and the left half of the keys are arranged to connect the associated trunks to the 
call-indicator equipment at the adjacent left position. Team display keys are furnished only when 
specified by the Telephone Company. 

The number plates which are located back of the plugs are provided for numbering the trunks as 
in standard manual practice. Three designation strips are furnished, two for the trunk numbering and 
one for the office name, and are located as shown in Figure No. 3. 

The supervisor’s plug and number plate are provided, when so specified, at the left of the trunk 
number plates, as in standard manual equipments. 

Each position is also provided with a set of call-indicator lamps as shown in Figure No. 3. These 
lamps are arranged in six groups. The group at the left consists of two lamps marked 0” and 1” 
and are used for indicating the ten thousands digit of the called number. The “1” lamp lights to indi¬ 
cate that the number displayed is above 9999. The “0” lamp lights when the called number is below 
10,000 and indicates that the call is for a direct line. To the right of these two lamps are four groups 
of ten lamps each for displaying the thousands, hundreds, tens and unit digits of the called number. 
These lamps, as shown in Figure No. 3, are arranged in four rows parallel to the face of the position 
each group row having a capacity of three lamps. In the row nearest the keys, the middle lamp only o 
each group is equipped. The lamps in each group are numbered zero to nine. The right-hand row 
of lamps are numbered “W,” “R,” “J,” and “M” for displaying the party designation of the called 
subscriber, and are for use in connection with jack-per-line offices. 

2.22 Emergency Equipment. 

At each call-indicator position, provision is made for connecting the trunks terminating at tha,t 
position to an emergency call-indicator equipment should the regular equipment get out of order. This 
equipment consists of the following apparatus: 

A set of call-indicator lamps mounted in a box and arranged to be quickly attached to 
the lock rail of the position. This box is provided with a multi-contact plug for 
making connections between the lamps and the relay equipment. 

A multi-contact jack mounted on the lock rail of each call-indicator position for 
making the connection between the emergency relays and the emergency lamp 
equipment. 

A set of emergency relays mounted in the terminal room and cabled to a group of 
eight positions and arranged to be connected to the emergency call-indicator 
lamp equipment at any position in the group. 
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An emergency key mounted in the face of the position above the multiple jacks to 
transfer the trunks from the regular call-indicator relay equipment to the emer¬ 
gency equipment. 

2.23 Equipment on Trunk Relay Racks. 

The relays associated with the call-indicator trunks are mounted on a standard relay rack located 
in the apparatus room. Standard mounting plates are used and mounted on 1%-inch centers. Eighteen 
to 22 plates are required for each 10 trunks, the number depending upon the type of the trunk circuit. 

The trunk relay equipment is assembled in units of 10 circuits in the shop prior to shipment. Fig¬ 
ure No. 10 of Section X shows a demonstration model of two groups of 10 call-indicator trunk circuit 
equipments, each wired and assembled in this manner. 

2.24 Call-Indicator Positions Arranged as Call-Circuit Positions. 

Call-indicator trunks can, with certain wiring changes, be arranged for call-circuit operation. If 
required, part of the trunks terminating at a position can be arranged for call-indicator operation and 
part for call-circuit operation. This makes it possible to install the call-indicator equipment and arrange 
it for operation on a call-circuit basis prior to the time of cut-over of the full-mechanical office. At the 
time of cut-over of the full-mechanical office, the trunks can be converted so that they will operate to 
receive calls on a mechanical basis. (See Paragraph 1.84 of Section I.) 

With trunks arranged for call-circuit (manual) operation in offices having party lines operated on 
a jack-per-line basis, it is necessary to provide a set of master ringing keys as shown in Figure No. 3. 
To complete a call the operator first depresses the display key associated with the trunk used. If the 
call is for a subscriber on a direct line or for the first station of a party line, the ringing durrent is applied 
automatically without the operation of a master ringing key. For calls to other stations on party lines, 
the operator first depresses the display key and then the proper ringing key. 

Generally, two sets of master ringing keys are provided. They are located at the right and left 
end of the keyshelf in order to give adjacent operators access to ringing keys in case the position is trans¬ 
ferred either right or left. 

For offices having no party lines, or where all party lines are handled on a jack-per-station basis, 
the trunks are arranged for keyless operation. It is not necessary to operate the display key and no 
ringing keys are provided. 

2.25 Grouping Keys. 

Each position is provided with a two-way locking key, located in the face of the position above the 
multiple jacks, to transfer the busy test circuit of that position to the operator’s telephone circuit of the 
adjacent position on either side, so that during hours of light load, one operator can complete connec¬ 
tions at several positions without transferring her telephone set from position to position. 

2.26 Installation of Call-Indicator Equipment. 

As a general rule it is not necessary to add any new positions in the manual trunk switchboard to 
take care of the call-indicator trunks. The positions serving the manual office that is to be cut over 
to full-mechanical will usually provide sufficient space for these trunks. The installation of the new trunk 
circuits in the present operating positions, however, must be accomplished without materially affecting 
service. Each position that is to be used as a call-indicator position must be provided with the following: 

A new keyshelf. 

A new set of real equipment details. 

A new cordshelf. 

A new keyshelf apron where the present apron is less than §}/% inches deep. 
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It takes at least several days to install this new equipment on each position. If one of the posi¬ 
tions to be rewired is a working position it is necessary to first transfer the working manual trunks to 
a vacant position or to positions which are only partially equipped. The actual installation work is 
done one position at a time. The trunks are installed as call-indicator trunks, tested as such, and the 
wiring is then changed to have the trunks operate as call-circuit trunks. The position is then used 
as a regular manual call-eircuit position until the time of cut over of the full-mechanical exchange, 
when the wiring of each trunk is again changed so that they will operate on a call-indicator basis. 

2.27 Testing Equipment. 

There are two testing circuits provided in each call-indicator office as follows: 

Trunk and position test circuit. 

Relay adjusting test circuit. 

The apparatus of the trunk and position test circuit is located in a portable box. This circuit is 
used for testing call-indicator control circuits and the operation of the individual trunk circuits. A 
sequence switch operated by a coiled spring is provided in this test circuit by means of which the main¬ 
tenance man can send through a test call on any trunk from the relay rack. 

The apparatus of the relay adjusting circuit is also mounted in a portable box. This circuit is 
used in testing and adjusting relays in the trunk and control circuits. 

3. Method of Making Call-Indicator Positions Busy to Regular Calls. 

When it is desired to discontinue the use of a position either during hours of light traffic or due 
to trouble that cannot be corrected by use of the emergency call-indicator equipment, all trunks to this 
position must be made busy at the machine switching office. To do this, it is necessary to ground the 
sleeve terminals of the trunks at the district or office selector frames. A sequence switch is provided 
at the machine switching office for each call-indicator position which, when moved to a certain posi¬ 
tion, grounds the sleeve conductor of the trunks to this position. There are two methods of operating 
the “make-busy” sequence switch as follows: 

A “make-busy” key is provided at each manual “B” position which, when operated, 
closes a circuit over a cable conductor to the control circuit of the sequence 
switch at the machine switching office. Releasing the key opens the circuit 
and the busy condition is removed. The “ make-busy ” keys are located on 
the face of the board at each position above the subscribers’ multiple. 

At the machine switching office two terminals on a final frame are set aside for each 
manual office to which it has direct trunks, one as a “make-busy” number and 
the other as a “make-idle” number. In addition other terminals are assigned 
as group numbers, one for each call-indicator position which has trunks termi¬ 
nating from this office. To make any call-indicator position busy, the super¬ 
visor or an “A” operator at the manual office, calls in the ordinary way the 
“make-busy” number and the trunk group number of the position to be made 
busy. When the final selectors at the machine switching office seize these 
terminals, circuits are established to move the “make-busy” sequence switch 
to the busy position. A distinctive tone is sent back to the manual office indi¬ 
cating that the trunks have been made busy. To restore a position to service, 
the “make-idle” number and the trunk group number are called and the circuits 
are established at the machine switching office to move the “make-busy” se¬ 
quence switch to its normal position. Another tone is sent back to indicate to 
the operator that the busy condition has been removed. 

The first method requires a cable conductor from each position to the machine switching office 
which has trunks terminating at the position. If trunks from more than one office terminate on a 
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position a conductor is required connecting these offices in series. If difficulty is encountered with 
differences of ground potential, a pair of conductors is required. 

The second method does not require cable conductors but has somewhat undesirable traffic features. 
In case of trouble on a position, it is desirable to take the position out of service as quickly as possible. 
If the position is equipped with a “make-busy” key, this can be done by operating this key. By the 
second method it may take some time, especially if trunks from several offices terminate on one posi¬ 
tion. In general, the first method is used except where extra long trunks are encountered. 

It is usually desirable during hours of light traffic to be able to vacate all but one or two “night” 
positions and to be able to complete all calls at these “night” positions. For this purpose one or more 
positions are provided at which a few trunks from each machine switching office are terminated. By 
making all other positions busy as described above, all calls can be completed at these “night” posi¬ 
tions. 

3.1 Framework and Equipment Make-Busy Frame. 

The sequence switches and relays associated with the make-busy circuit are located on a frame¬ 
work called a make-busy frame. This frame is single-sided and consists of one bay with a capacity 
of 30 sequence switches and a bay with a capacity of 30 mounting plates. The sequence switches and 
relays are wired by means of a local cable to terminal strips located at the top of the frame. From 
there the leads are extended to the M.D.F. where they are cross-connected to the sleeve leads of the 
trunks outgoing from the district or office multiple as required. The sequence switches are driven 
by means of a motor located on the make busy frame. On equipments that have been engineered up 
to this date this motor rotates continuously. On all future installations where make-busy keys are 
furnished in the manual office, it will be under control of that key. When the make-busy key is de¬ 
pressed it will set up a circuit condition in the full-mechanical office which will start the motor. When 
the motor has attained the proper speed the sequence switch associated with the depressed key will 
be rotated into the make-busy position. The motor will then stop running. The restoring of the 
make-busy key to normal will start the motor again and the sequence switch will be rotated to its normal 
position. 

The cams on the sequence switches are so cut that ground will not be placed on all the trunks in 
the group at one time. This is done in order to avoid possible sticking of the sequence switch due to 
the friction of all the springs making contact at the same time. 

A twenty-cam sequence switch provides a means for grounding the sleeve lead of 60 trunks. As 
the call-indicator trunks from any full-mechanical office are generally distributed over two or more 
trunk positions, and since one make-busy sequence switch must be provided for each position on which 
these trunks appear, it is evident that a twenty cam sequence switch is more than ample and should 
it be used there would be a number of idle cams on each switch. As a means to economy the three 
following sequence switches are used on the make busy frame: 

A seven-cam switch when there are 10 or less trunk circuits to be made busy. 

A twelve-cam switch when there are more than 10, but not more than 30 trunks to 
be made busy. 

A seventeen-cam switch when there are more than 30, but not more than 50 trunks 
to be made busy. 

4. Key-Indicator Equipment. (See “Manual to Full Mechanical,” Section I.) 

When key-indicator equipment is provided, it is furnished at each position of the subscribers’ 
“A” switchboard to enable the “A” operator to complete a call for a full-mechanical subscriber without 
the assistance of another operator. The key-indicator trunks terminate at the full-mechanical office 
in incoming selectors, and senders in the manual office, which form a part of the key-indicator equip¬ 
ment, guide the calls through to the terminals of the called subscribers’ lines. 
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4.1 Equipment at Manual “A” Switchboard. 

Key-indicator apparatus is provided in the manual “A” switchboard as follows: 

Outgoing trunk jacks to the full-mechanical office or offices, which are multipled 
throughout the entire switchboard. 

One non-locking office key per position for each full-mechanical office to which there 
is a group of outgoing trunks. 

One trunk indicator per position, which is located in the face of the board below 
the outgoing trunk multiple. 

One set of 10 numerical keys per position numbered 0 to 9. 

One wipe-out key. 

The depression of an office key associated with a group of outgoing trunks to a full-mechanical 
office automatically selects an idle trunk in the group and causes an idle sender to be attached to this 
selected trunk. The number of the selected trunk is displayed by the lighting of lamps in the trunk 
indicator. The number called is recorded in the sender by the operation of the numerical key and the 
sender guides the call through to the final multiple terminals of the called line. The operator completes 
the connection by plugging the calling cord of the pair used for answering the call into the indicated 
trunk jack. 

4.11 Office Keys. 

Regular call-circuit keys located at the left end of the keyshelf are used as office keys, the key but¬ 
tons being suitably engraved to indicate the associated full-mechanical office. 

4.12 Trunk Indicator. 

The trunk indicator, shown in Sketch No. 1 of Figure No. 4, consists of a strip arranged for mount¬ 
ing 23 lamps in the face of the switchboard. On the left end of this mounting is the “no trunk” signal 
lamp, the function of which will be described later. To the right of this lamp are the “zero” and “one 
hundred” trunk lamps, which are furnished only when the number of trunks in any group exceeds 99. 
The zero lamp will light when the number of the selected trunk is less than 100, while the “one hundred” 
lamp will light when the number of the selected trunk is greater than 99. To the right of the “one 
hundred” lamps are the tens lamps, numbered 0 to 9 inclusive, and to the right of these, the units 
lamps, also numbered 0 to 9 inclusive. These lamps, when lighted, indicate the tens and units digits 
of the trunk selected. 

4.13 Numerical Key Set. 

The 10 keys constituting the numerical key set are mounted in two rows in a key unit which is 
placed on the right end of the keyshelf by means of a clip, as shown in Sketch No. 2 of Figure No. 4. 
The keys are wired by means of a flexible multi-conductor cord to cord fasteners on a connecting block 
located on the under side of the keyshelf. The key unit is mounted and connected in this manner in 
order that it may be easily moved in case it is desired to open the keyshelf at the right. It will be noted 
that the key unit overlaps the keyshelf of the adjacent position. 

4.14 Wipe-Out Key. 

One of the regular call-circuit keys is wired as a wipe-out key. The depression of this key will 
wipe out a connection set up through error and restore the sender circuit to normal if the key is depressed 
before selection of the called subscriber’s line is completed. 

4.2 Equipment on Key-Indicator Frames. 

Apparatus for the following circuits associated with the key-indicator equipment in the switchboard 
positions is mounted on key-indicator frames in the apparatus room: 
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Allotter circuit. 

Link circuit. 

Sender circuit. 

O.G.T. relay circuit. 

Position equipment. 

4.21 Allotter Equipment. 

The function of the allotter circuit is to pick out an idle link circuit upon the depressing of the 
associated office key. One regular and one emergency allotter circuit is furnished per 100 or less sub¬ 
scribers operator positions for each machine switching office to which there are outgoing trunks in 
the switchboard. Each allotter consists essentially of a step-by-step rotary switch and a number of 
controlling relays. 

4.22 Link Circuit Equipment. 

Each link circuit is made up of three separate circuits as follows: 

A position-finder circuit. 

A trunk-finder circuit. 

A sender-selector circuit. 

The apparatus of each one of these circuits consists essentially of one or more rotary step-by-step 
switches and associated controlling relays. The position-finder circuit connects the position equipment 
of the position originating the call to the link circuit. The trunk-finder selects an idle trunk to the full- 
mechanical office. The sender-selector picks out an idle sender and attaches it to the trunk circuit. 

A group of links is provided for each full-mechanical office to which there are outgoing trunks in 
the switchboard. 

The link circuit is so arranged that from one to five position-finder stepper switches may be fur¬ 
nished for picking out the positions. Each switch has a capacity for 20 positions, therefore one to five 
switches are provided, depending upon whether there are 20, 40, 60, 80, or 100 operator positions in 
the switchboard. The trunk-finder circuit is arranged for an ultimate of 160 O.G.T. to the distant 
full-mechanical office. Each trunk-finder stepper switch has a capacity for 20 trunks, so that from 
one to eight trunk-finder switches must be furnished, the number being dependent upon the total number 
of outgoing trunks in the group. 

If the “A” board has more than 100 positions, one group of link circuits for each full-mechanical 
office must be provided for the first 100 operators and an additional group for the remaining “A” opera¬ 
tors. Also, if the outgoing trunks to any mechanical office exceeds 160, a group of link circuits must 
be provided for the first 160 trunks and a second group for the remaining trunks. 

4.23 Sender Equipment. 

The sender-selector stepper switch of the link circuit has a capacity of 22 senders. Twenty-two 
or less senders are furnished as required and are used as a common group in the routing of calls to one 
or more full-mechanical offices. 

4.24 Outgoing Trunk Relay Equipment. 

A relay circuit is associated with each outgoing trunk circuit, the principal function of the circuit 
being as follows: 

To place a busy condition on the terminals of the trunk-finder bank which are con¬ 
nected with any selected trunk. This is necessary in order that the trunk-finder 
selector will not stop on a busy outgoing trunk. 
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To disconnect the switchboard end of the outgoing trunk circuit during the time 
that the sender is functioning to set up a call in the full-mechanical office. This 
feature is desirable, as otherwise the operator would have to wait until the con¬ 
nection was set up before plugging into the O.G.T. jack. Should this feature 
not be provided the insertion of the plug of a regular subscriber’s cord circuit 
into the O.G.T. jack would cause battery to be sent out over the trunk, which 
condition would cause the sender to function improperly. 

4.26 Position Equipment. 

The position equipment consists of relays, resistances, etc., associated with the trunk indicator, 
numerical key set, and office keys. 

4.3 Operation of Key-Indicator Equipment. 

Figure No. 5 shows a schematic layout of the equipment involved in a call from a manual sub¬ 
scriber to a full-mechanical subscriber with key-indicator equipment in the manual office. 

On receiving a call for a number in a mechanical office the operator at once depresses the office 
key associated with the called office. This operation causes the allotter circuit to select an idle link cir¬ 
cuit, which in turn connects the numerical keys of the operator’s position with a sender and an idle trunk 
to the called office. Immediately upon depressing the office key, the “no trunk” signal, located in the 
left end of the trunk indicator (see Sketch No. 1 of Figure No. 4), will light, and as soon as the link cir¬ 
cuit has picked out an idle trunk this signal will be extinguished and the number of the trunk will be 
displayed on the trunk indicator. If no trunk is available, the “no trunk” signal will remain lighted, 
either until the link is released or until a trunk becomes available. A sender lamp which is located in 
the piling block immediately in the rear of the numerical keys will also light upon the depression of the 
office key and will remain lighted until an idle sender has been selected. Immediately after the extin¬ 
guishing of the sender lamp the operator depresses the numerical keys corresponding to the thousands, 
hundreds, tens and units of the number called. The keys must be depressed in the sequence given above 
but may be operated as rapidly as possible so long as only one key is depressed at a time. 

Having operated the office key to the called office and set up the number on the position numerical 
keys, the operator then connects the front cord of the pair used to answer the call with the trunk selected, 
the number of which has, until this time, been displayed on the trunk indicator. This retires the trunk 
number displayed and releases the operator’s numerical keys from the connection. After the sender has 
functioned and an idle final selector circuit in the full-mechanical office has selected the final terminals 
of the called line, a relay in the outgoing trunk circuits will operate and connect the trunk circuit through 
to the O.G.T. jacks in the switchboard. At the same time the associated sender will be released. From 
this point on the operator will receive regular manual supervision on the call. 

In case the called line is not available, due to its being busy, out of order, etc., the call is handled the 
same as a call from a mechanical to a mechanical station. 

4.4 Wiring of Key-Indicator Equipment Located in Switchboard. 

When key-indicator equipment is provided, the connections between the subscriber’s answering 
jacks and the outgoing trunk jacks are set up by means of regular subscribers’ cord circuits. The func¬ 
tion of the key-indicator equipment is merely to establish the connection in the full-mechanical office and 
consequently no changes are required in the present position equipment. It is necessary, however, to 
add the following apparatus in each position: 

A trunk indicator. 

A numerical key set. 

A sender lamp. 

One office key for each full-mechanical office. 
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The trunk indicator is located in the answering jack space in the switchboard and is wired to the 
position rela3 r equipment located on the key-indicator frame by means of switchboard cable. 

The numerical key set and sender lamp are wired to terminal strip punchings located in the rear 
of each position by means of a small local cable which is sewed to the outside of the regular position local 
cable. The wiring of the regular call-circuit keys is used as at present installed for the office keys. The 
numerical key set, sender lamp and office key wiring is extended to the relay equipment on the key- 
indicator frame by means of switchboard cable, one cable being furnished for each position. This 
cable includes the common position equipment and leads from 20 office keys. If more than 20 office 
keys are required, an additional cable is run from each position for the additional office keys above 
twenty. 

4.5 Framework of Key-Indicator Frames. 

A key-indicator frame is similar to a relay rack used in manual offices except that each bay is a sepa¬ 
rate unit consisting of two vertical angle irons held together at the top and bottom by suitable angle 
iron details. The length of the vertical angles is variable depending upon the ceiling height of the room 
in which the frame is to be located. Each unit of frame is drilled along its entire length for 1 % inches, 
mounting plates 23 inches long. 

The frame is made in units in order that certain of the units, as described later, may be wired and 
equipped with apparatus in the factory before shipment. 

4.6 Wiring and Equipment of Key-Indicator Frames. 

Apparatus for the following circuits is mounted on the key-indicator frame. 

Position equipment relays. 

Link circuits. 

Sender circuits. 

Allotter circuits. 

Sender test circuit. 

Outgoing trunk relay circuits. 

Talking line circuits. 

Miscellaneous alarm circuits etc. 

4.61 Position Equipment. 

The position equipment comprises the relays and resistances associated with the numerical keys, 
trunk indicator, sender lap and office keys, all of which are located at the switchboard positions. This 
equipment is shown on Plate No. 6, Figure No. 4. Each mounting plate in this equipment has a capacity 
of 20 relays. Ten sets of two relays per circuit are mounted on each plate in such a manner that two 
vertical rows of relays, as shown in the figure, represent the relays of one position circuit. The mounting 
plates containing the relays are placed on the key-indicator frame by the installei. The switohboaid 
cable connecting the apparatus in each position to the apparatus on the frame is run directly to the frame, 
where it is formed by the installer and connected directly to the relays, resistances, etc. 

4.62 Link Circuit Equipment. 

Plate No. 6, Figure No. 1-A shows the equipment for ten link circuits. The rotary step-by-step 
switches are mounted 10 in a horizontal row on a special mounting plate. The 10 switches on each plate 
represent the same switch in 10 different link circuits. The relays are mounted in the same manner as 
described for the position equipment. The equipment as shown in this figure is for one circuit only, the 
equipment for the other nine circuits being omitted for the sake of clearness. 

The special mounting plates designated “PI,” “P2,” “P3,” “P4,” and “P5” each have a capacity 
of 10 rotary position-finder stepper switches associated with 10 link circuits. The special mounting 
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plate designated “S” has a capacity of 10 sender-selector rotary switches. The mounting plate designated 
‘‘SS” contains the “steering” switches for 10 link circuits. One steering switch is associated with each 
link circuit and its function is to steer the link circuit to one of the eight trunk-finder rotary switches 
on which there is an idle outgoing trunk. The special mounting plate, designated “T-l,” contains 10 
rotary trunk-finder switches for 10 link circuits. Outgoing trunks No. 1 to No. 20 to a full-mechanical 
office are wired to the banks of these switches. The equipment shown in Figure A will take care of 
100 positions and 20 outgoing trunk circuits. There are generally more than 20 trunks outgoing to 
each full-mechanical office, but the ceiling heights in most exchange apparatus rooms make it impossible 
to place more equipment in one bay of the key-indicator frame than that shown in Figure A. The re¬ 
maining trunk-finder rotary selector switches must therefore be placed in another bay of frame. Figure 
B shows the additional trunk-finder selector switches for trunks No. 20 to No. 159. 

It will be noted that all the equipment shown in Plate No. 6, Figure No. 1-A for one link circuit is 
located in a vertical line, and that each bay of frame has a capacity for 10 such vertical rows of equipment 
representing 10 link circuits. Each vertical row, or each link circuit, is wired as follows: 

There are 10 terminal strips mounted in a horizontal row at the top of the frame at the 
rear of the top three mounting plates. 

All the rotary type step-by-step switches, relays and resistances are mounted on the key- 
indicator frame in the shop and a long vertical form extending the entire length of 
the frame is made in the shop for each link circuit and soldered to the apparatus 
and terminal strip at the top of the frame before shipment. 

The banks of the sender-selector position-finder and trunk-finder rotary switches on 
each mounting plate are multipled together without any slip, and the multiple 
wiring is extended to terminal strips located on each end of each mounting plate. 

The multiple bank wiring of the position-finder switches is extended to the position 
equipment, previously described, by means of switchboad cable, which is lun from 
the terminal strips on the position-finder switch mounting plates to the position 
relay equipments located in a different bay of the frame. Should there be more 
than 10 link circuits in a group, necessitating an additional bay or bays of frame, 
the banks of the position-finder switches are multipled together by means of 
jumpers run between the terminal strips located on the end of each rotary switch 
mounting plate. 

The banks of the sender-selector and trunk-finder rotary switches are wired the same 
as those of the position-finder switches. Cable is run from the terminal strip on 
the end of the sender-selector switch mounting plates to the sender circuit equip¬ 
ment located in another bay. From the terminal strips on the end of the tiunk- 
finder switch mounting plates, cable is run to the outgoing trunk relay circuits and 
from there to the main distributing frame. 

4.63 Link Circuit Extension and Outgoing Trunk Relay Equipment. 

As previously described, it is impossible, due to ceiling heights, to locate all the trunk-finder rotary 
switches in the same bay with the other link circuit apparatus, when more than 20 trunks have to be 
reached by the links. The additional trunk-finder switches and associated apparatus are located in an¬ 
other bay of frame as shown in plate No. 6, Figure No. 1-B. The special mounting plates designated 
T-2 to T-8 inclusive, in this Figure, each have a capacity of 10 trunk-finder switches associated with 10 
link circuits. Switches designated T-2 are cabled to outgoing trunks No. 20 to No. 39, switch T-3 to 
trunks No. 40 to No. 59, switch T-4 to trunks No. 60 to No. 79, etc. The seven switches in a vertical 
line represent the trunk selectors of one link circuit. Each row is wired by means of a vertical local 
form. Ten terminal strips are located at the rear of the top three mounting plates containing 44-type 
resistances. The leads in the local cable which require connections to the other portion of the link 
circuits in the other bay are terminated on these terminal strips. The leads are extended from these 
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terminal strips to the terminal strips at the top of the frame containing the link circuit proper by means 
of switchboard cable. 

The banks on each horizontal row of trunk-finder switches are multipled without slip and the mul¬ 
tiple wiring is terminated on terminal strips located at each end of each of the mounting plates. 

The outgoing trunk relay equipments shown in Plate No. 6, Figures No. 5, No. 6, and No. 11, are 
located at the top of the bay containing the link extensions. These relay circuits are connected to the 
banks of the trunk-finder switches located directly below, by means of switchboard cable run from the 
terminal strips on the end of each trunk-finder switch mounting plate. The O.G.T. relay circuits are 
extended to the main distributing frame by means of switchboard cable. 

4.64 Allotter Equipment. 

The equipment of two allotter circuits is shown on Plate No. 6, Figure No. 3. All the apparatus 
is mounted either on a key-indicator frame or a shipping detail and is wired in the shop before shipment. 
The leads in the local cable which require connections to outside circuits are terminated on the terminal 
strips that are mounted as shown on the rear of the top mounting plate. 

4.66 Talking Line, and Alarm Circuit Equipment. 

Plate No. 6, Figure No. 9, shows the apparatus of the talking line and alarm circuits. 

The talking line is provided as a means of communication between the testman working about 
the frames and the “A” operators. It originates in two jacks which are mounted in a small jack box 
located on every other unit of frame and terminates in a cord and plug at the assistant chief operator's 
desk. To establish a connection with an operator the testman calls the assistant chief operator over 
a local station line and instructs her to plug the talking line cord into the monitoring jacks of the posi¬ 
tion with which he desires to talk. The connection is then established when the trouble man inserts 
the plug of his head set into the talking jacks at the frame. 

The lamps shown at the top of Plate No. 6, Figure No. 9, are associated with the link alarm circuits, 
one lamp being provided for each group of links. In case any link of a certain group of links does not 
function properly, the associated alarm lamp will light after an interval of time governed by a dash 
pot relay. An audible signal also will be given. 

4.66 Time Switch Equipment. 

Plate No. 6, Figure No. 7, shows the time switch equipment for 300 outgoing toll trunks. This 
equipment is provided to hold up the toll connection during the time that the toll operator is changing 
from a holding to a toll cord or vice versa. This circuit is only used when key-indicator equipment is 
provided at a toll board. 

4.67 Long Lines Supervisory Equipment. 

Plate No. 6, Figure No. 8, shows the equipment for 10 long line supervisory circuits. These circuits 
are used on long trunks which have a high loop resistance in order to obtain positive supervisory signals 
at the switchboard. 

4.7 Floor Plan Layout of Key-Indicator Equipment. 

Plate No. 6, Figure No. 10, shows the floor plan and equipment arrangement of a set of key-indicator 
frames. The frame units are installed in parallel rows in such a manner that the apparatus on one line 
of units faces the apparatus on the other line of units. This arrangement facilitates cabling and main¬ 
tenance work. 

The position equipment, allotter circuits and miscellaneous circuits are located at the head end of 
the frame and space is provided for the ultimate position equipment as indicated. Senders are placed 
next to the position equipment and space is left for the ultimate number of senders. The link circuits 
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and outgoing trunk relay equipments are placed on the growing end of the frame, which location is 
desirable since an additional group of link circuits must be installed each time an additional full- 
mechanical office is cut into service. Additional senders also must be provided to handle the increase 
in traffic, but since they are used in a common group, the ultimate number of senders required wil e 
much less than the ultimate number of link circuits. To have all the senders located together, it is 
desirable to allow frame space for the ultimate senders between the present sender and link circuit 

equipment. 

5. Key-Indicator Testing Equipment. 

The following test sets are provided for testing the key-indicator equipment: 

Sender test set. 

Link and trunk test set. 

Trunk indicator display set. 

Trunk indicator position test set. 

Trunk-finder advancing set. 

5.1 Sender Test Circuit. 

This circuit is used to test the senders associated with the key-indicator equipment and consists 
essentially of the following: 

One or more sender-selector switches. 

A set of numerical keys. 

Keys for the setting up of various test conditions. 

A control switch. 

Counting relays. 

Progress lamps. 

Pulse lamps. 

Interrupter. 

The sender-selector switches are rotary step-by-step switches. The senders are wired to the banks 
of the switches, one switch being provided for each 20 senders. There is a key associated with eac 
sender-selector switch which is used to step the selector on to the sender to be tested. 

The numerical key set consists of four strips of keys, each strip containing 10 buttons. They are used 
for writing up the test number, one strip being provided for each of the thousands, hundreds, tens, and 

units digits. 

Ten progress lamps are furnished which light one after the other and show the progress of the call, 
one lamp being provided for each of the following conditions: 

Sender at normal. 

Incoming brush selection. 

Incoming group selection. 

Final brush selection. 

Final tens selection. 

Final units selection. 

Non-closure of trunk. 

Closure of trunk. 

O.K. lamp which indicates when lighted that the call has been completed. 

Sender off normal. 
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Twelve pulse lamps are provided in the circuit to indicate, in case the call does not go through 
properly, the number of pulses that were sent into the sender by the sender test circuit. These lamps 
are under control of the control switch and a key, and only light when the key is operated. 

The counting relays are provided to count off the pulses sent back to the test circuit by the opera¬ 
tion of the sender. 

The interrupter is provided to prime the sender under test. The setting of the numerical keys 
determines the number of pulses that are sent out by this interrupter, and at the same time these keys, 
which are locking, hold a record of the number which has been recorded on them. 

5.11 Method of Operation. 

To test a sender the testman steps the proper sender-selector switch by means of the stepping key 
to the sender which is to be tested. The make-busy key is then operated. It arranges the circuits so 
that the sender is tested for busy. If the sender is not busy a lamp lights and indicates that the sender 
is available for test. A number is then written up on the numerical keys and the start key is operated. 
The sender is then primed and the circuit is closed to send pulses in to the sender in much the same man¬ 
ner as the incoming and final selectors do, except that the pulses go in at a higher rate of speed. If the 
sender functions properly, the call proceeds through all selections and the O.K. lamp is lighted. If 
trouble is experienced, a progress lamp will light and remain lighted indicating in what selection the test 
stopped. The key associated with the pulse lamps is then operated, which causes one of the lamps to 
burn and indicates the number of pulses that were sent into the sender before the trouble was encountered. 
After the test has been completed the “release” key is operated. This returns the sender test circuit 
to normal. 

At times it is desirable while testing a sender to watch the working of the apparatus in the sender 
itself. To arrange for this feature the start and release keys are multipled to jacks located on the key- 
indicator frame near the senders. A small portable box equipped with the two keys and a cord and plug 
is provided for this purpose. When the cord is plugged into the above mentioned jacks, the test circuit 
can be started and stopped at will by the depression of the start or release keys in the portable box. 

6.12 Wiring and Equipment of Sender Test Circuit. 

All the apparatus of the sender test circuit is mounted on the key-indicator frame in a bay contain¬ 
ing senders or in a bay adjacent to those containing the sender apparatus. The rotary step-by-step 
switches, progress and pulse lamps, numerical keys and all other keys in the circuit are mounted on an 
apparatus board as shown in Figure No. 7. The mounting plates, also shown in Figure No. 7, contain¬ 
ing the relays and resistances and the interrupter in the circuit, are mounted on iron details which extend 
below the apparatus mounting board. This arrangement allows all the apparatus to be mounted as a 
unit. The circuit is wired by means of a local cable made in the factory. All leads, except leads to 
sender circuits which require connections to outside circuits, are terminated on a terminal strip located 
on the rear of the mounting board. The banks of the rotary sender-selector switches are wared to the 
senders by means of switchboard cable run direct from the bank terminals to the terminal strips asso¬ 
ciated with the sender circuits. 

5.2 Key-Indicator Link and Trunk Test Set. 

The link and trunk test set is used to make routine tests on link and outgoing trunk circuits. It 
consists of a portable box which contains all the testing apparatus. The testing apparatus consists of 
five lamps, nine lever type keys and a numerical key set located on the top of the box, ten jacks located 
in the side, and relays and resistances on a mounting plate located inside the box. 

The lamps are provided to indicate the condition of the circuit under test, the lever type keys to 
set up various circuit conditions, the numerical key set to set up numbers for test, and the jacks for 
patching the test circuit to the link circuit under test. 

The test box is wired and equipped in the factory before shipment. 
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5.21 Method of Operation for Testing Links. 

To test a link circuit the proper jacks in the test box are patched by doubled-encled cords to the 
proper jacks in the allotter circuit of the group of links to be tested. The allotter switch to which the 
test set is patched is then steered to the link to be tested by operating the “stepper (STF-AL) key in 
the test box, which moves the allotter switch one step at a time. When the link to be tested is reached, 
the make-busy key is operated, and if the link is idle the link make-busy lamp will light which indicates 
that the test box may now be patched to the link to be tested without the danger of mutilating a call 
which might be going through. The proper jacks in the test box are then patched to corresponding 
test, jacks in the link circuit. The sender-selector of the link under test then selects an idle sender. 
The trunk finder however, does not operate as the hunting circuit is opened at the test jack. When 
an idle sender is found, the sender lamp in the test box lights, indicating that the sender-selector has 
functioned properly. If the trunk indicator feature of the link circuit is to be tested, the trunk indicator 
display set, described later, is patched to the link and trunk test set by means of a plug and cord as¬ 
sociated with the indicator display set. The trunk on which the trunk selector is standing is displayed 
on the trunk indicator by the operation of the trunk indicator key in the link test box. No number 
is written up on the numerical keys in testing links. The patching jacks associated with the link and 
allotter circuits are shown on Plate No. 6, Figure No. 3. 

5.22 Method of Operation for Testing Trunks. 

For testing trunks the method of procedure is the same as in testing links, except that the trunk 
test (TT) jack in the test set patches to the trunk test jack in the link circuit under test. When the 
trunk which is to be tested has been selected by means of the “stepper” key (STP.TL.), the trunk- 
indicator key in the test set is operated. This makes the trunk busy and displays a number on the 
trunk indicator display set as a check. The number of a final multiple test line is then set up on the 
numerical keys, and the sender directs the incoming and final selector to this line. The “plug in” (PI) 
key in the test box, which simulates the plugging in operation of an operator, is then operated. This 
causes the trunk make-busy (TK-MB) lamp to light, which, when lighted, indicates that the trunk under 
test is being held busy. When the selection is completed at the full-mechanical office, this fact is indi¬ 
cated to the tester by the flashing of the supervisory (SUPV) lamp in the test set. 

5.3 Trunk Indicator Display Set. 

This set is used in conjunction with the link and trunk test set previously described as a check on 
the trunk indicator display apparatus in the link circuit. It consists of a portable box on the top of 
which is mounted a trunk indicator the same as shown in Sketch No. 1 of Figure No. 4. The relays 
which control the lighting of the lamps in the indicator are placed on mounting plates which are located 
inside the test box. The leads in the circuit which require connections to outside circuits are terminated 
on two cords equipped with plugs. Connections are made by inserting one of the plugs in the proper 
jack in the link and trunk test set and the other plug in a battery supply jack located on the key-indicator 
frame. 

The trunk indicator display set is completely equipped and wired in the factory. 

5.4 Trunk Indicator Position Test Set. 

This test set is provided to test the trunk indicator position equipment. It consists of a portable 
box on the front of which are mounted two strips of 10 keys each, a push button type key, a lever type 
key and two lamps. The relays associated with the circuit are mounted inside the box. 

The two strips of 10 keys each are provided to set up the tens and units digits of the trunk to be 
tested, the push button type key to set up the hundreds digit of the trunk, the lever type key to con¬ 
nect the test set on to the position equipment, and the two lamps to indicate the progress of the test 
The test set is wired and equipped in the factory. The leads which require connections to battery or 
ground and to the position equipment are terminated in two cords which are equipped with plugs. 
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5.41 Operation of Trunk Indicator Position Test Set. 

The testman must first get in communication with the operator at the position to be tested by 
means of the talking line, as described in Paragraph 4.65. He then gets her permission to attach the 
test set to the trunk indicator equipment, as it will be necessary for her not to put through any calls 
on the key-indicator apparatus while his set is connected. The plug of the trunk indicator cord of 
the test set is then inserted into the trunk indicator jack of the position equipment, the battery supply 
cord having been previously plugged into a battery supply jack. The insertion of the (TI) plug in 
the (TI) jack of the position equipment lights the “no trunk” lamp in the position trunk indicator, which 
acts as a reminder to the operator that the tester is in on her equipment. The number of any trunk 
is then set up on the keys in the test set and the lever type key is operated. This causes the relays 
in the trunk indicator circuit to operate and display the number set up on the test set. If the circuit 
operates properly the number written up will be displayed before the “A” operator. The depression 
of the wipe out (WO) key by the “A” operator wipes out the number and restores her equipment to 
normal. 

5.5 Trunk Finder Advancing Set. 

The trunk-finder advancing set is provided to furnish a means for selecting outgoing trunks for test. 
The trunk-finder advancing circuit consists of two parts as follows: 

A jack-ended patching circuit. 

An advancing and signal circuit. 

The patching circuit originates in a set of five jacks mounted on the key-indicator frame in a bay 
containing link circuits. These jacks are wired through a set of controlling relays, also mounted on 
the key-indicator frame, and the circuit terminates in a pair of outgoing trunk jacks in the face of the 
manual “A” switchboard. 

The apparatus of the advancing and signal circuit is mounted in a portable box. This apparatus 
consists of a regular subscriber’s calling dial, two non-locking push button type keys and a lamp, all of 
which are mounted in the top of the test box. This apparatus is wired by means of a local cable, and 
the leads, which require connection to the jack-ended patching circuit, are terminated on cord fasteners 
located inside of the box. Suitable cords with plugs on one end are connected to these cord fasteners. 

5.51 Method of Making a Test. 

Outgoing trunks and their associated incoming selector circuits in the full mechanical office are 
tested as follows: 

The jacks which are mounted on the key-indicator frame are patched to similarly 
lettered jacks on any link circuit which is to be used for testing trunks. The 
actual testing of the trunks is done from an idle subscribers operator’s position. 

The two cords of the portable box are plugged into the two jacks of the patching 
circuit which appears in the O.G.T. multiple in front of the position being used. 

The office key corresponding to the office in which the trunks to be tested are 
terminated is then depressed. This causes the link circuit selected for test to 
hunt for the position at which the key was depressed and to remain on these 
position terminals until the tests are completed. It also causes an idle sender 
to be attached to the link circuit. The depression of the non-locking trunk 
indicator key in the test box will cause the number of the trunk on which the 
trunk-finder is standing to be displayed, in case it is not busy, on the position 
trunk indicator. Should the trunk be busy the lamp in the test box will fight. 

When the trunk has become idle the number of the final multiple test line is 
written up on the position numerical keys, and the sender causes the incoming 
and final selectors at the full-mechanical office to connect with the final multiple 
test fine which tests the ringing and supervisory relays of the incoming selector 
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circuit. If the call goes through properly, a flash is returned by the final multiple 
test line and received on the cord in the position which is connected to the trunk. 
To disconnect, the cord is removed from the jack. 

The trunk-finder of the link circuit used for testing is stepped around to another 
trunk by the operation of the dial or the non-locking stepper key in the test box. 
The key is used in stepping from trunk to trunk, and the dial, when it is desired 
to pick out a trunk for test that would require a considerable number of opera¬ 
tions of the stepper key. 












































































































































































































































































































































































































































